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The Amelioration 
of Wheat 

B. P. Pal 


W HEAT is one of the"eailiest plants 
cultivated by man and it has been 
said that the story of wheat is the story 
of our civilization. For some hundreds of 
thousands of years, primitive man was 
a hunter who knew nothing of either 
cultivated plants or domesticated ani¬ 
mals. The cultivation of plants like 
wheat and the domestication of milch 
and meat animals gieatly diminished the 
danger of starvation and enabled primi¬ 
tive man to give up his nomadic habits 
and to live in villages. The grouping 
of families together in settled commu¬ 
nities led to the development of an 


incieasingly complex social existence, 
consciousness and cieative genius. 

If it were possible to tiacc the deve¬ 
lopment of agriculture back to its start¬ 
ing point, it would be found that all 
our cultivated plants and modern live¬ 
stock animals existed then in the wild 
state. The cultivated wheats and their 
wild relatives have been studied very 
intensively, and from these studies a 
clear picture is now beginning to em- 
eigc of the evolution of modern wheat. 
Wheal is seperated into distinct gioups 
which difEei from one anotlrci in many 
ways and are, therefore, classified as 
separate species under the genus Triti- 
cum Authorities differ on the number 
of distinct species of wheat but it has 
been established that all the wheat 
species, whatever then numbei, fall into 
three distinct groups on the basis of their 
chromosome numbers. The chromo¬ 
some numbers of the thiec groups, dis¬ 
covered independently by Sakanuua and 
Sax m 1918, are 14, 28 and 42 res¬ 
pectively. It is interesting to note that 
Schulz a German botanist, had arrang¬ 
ed the wheats into these three groups 
on the basis of their morphological 
characteristics in 1913, well before their 
chromosome members became known. 
Some characteristics of the currently re¬ 
cognized wheat species as well as their 
distribution and antiquity are given in 
the Table on page 2 

Descent of Modem Wheat 

The 28- and 42-cliromosome wheats, 
teimed Lelraploids and hexaploids res¬ 
pectively, have all arisen fiom 14-chro¬ 
mosome (i.e„ diploid) wheat and relat¬ 
ed grasses through hybridization follow¬ 
ed by chromosome doubling. 
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T.spelta Spelt 42 Cultivated Hulled Central Europe Bronze Age 

T macha 42 Cultivated Hulled Western Georgia, Azerbaijan, Armenia Twentieth century 

T.vavdovi 42 Cultivated Hulled TranscaucasiafGeoigia, Azerbaijan, Armenia) Twentieth century 

T. zhukovskyi 42 Cultivated Hulled Transcaucasia (Georgia, Azerbaijan, Armenia) Twentieth century 
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First Stage 

The diploid wheals, which form the 
lowest step of the evolutionary staircase 
leading to the development of modern 
biead wheat, consist of two species: 
T boeicum and T. monococcum, known 
as wild einkom and einkorn respec¬ 
tively. Theii spikes contain a single 
seed per spikelet and hence their name. 
Caibonized grains of both these species 
were found at the 6,700-year-old site 
of Jaimo in Eastern Iiaq, the oldest 
village yet discoveied, but whether 
they are the only wheats occurnng in 
this ancient village site cannot be said 
with certainty. Both the diploid wheats 
have fi agile rachis and tightly hulled 
seeds Furthermore, both the species 
have the same set of chromosomes, i.e., 
genome A, and can be niter-crossed 
with ease, yielding highly fertile off¬ 
springs. Except for slight differences 
regarding seed size and the degree of 
rachis fiagility, the two species aie es¬ 
sentially similar and undoubtedly the 
einkoin is the cultivated counteipaiL of 
the wild foim. 

Wild einkorn occurs in the Armenia 
and Georgia regions of the Soviet Union, 
and in Turkey, Eastern Caucasus and 
Western Iran. It is found as a common 
grass in the hilly tracts of Greece and 
Bulgaiia and as a weed in vineyards of 
southern Yugoslavia. Cultivated ein¬ 
korn is believed to have oiigmated in 
the mountains of north-eastern Turkey 
and south-western Caucasus, or possi¬ 
bly slightly farther south in eastern 
Iiaq. Carbonized monococcum grains 
found in neolithic deposits of the lake- 
dwellers of Switzerland and in many 
other sites in central and north-eastern 
Europe and the impressions of einkom 


eais identified m neolithic pottery in 
Britain and Ireland indicate that cei- 
tainly it is an ancient cereal. But how 
old its cultivation is, cannot be said 
with surety, since information on the 
remote past comes chiefly from excava¬ 
tions which, besides being few, have 
larely provided conclusive evidence. 
Apparently, little significant change has 
occurred in this progenitor species over 
the centuries, although it is still grown 
in spite of its low yields in some parts 
of Greece, Crimea (USSR), Spain and 
Morocco, usually in hilly regions with 
thin soils. 

Second Siege 

In the next stage of evolution are the 
tetiaploid species which aiose from the 
hybridization followed by clnomosomc 
doubling between a diploid wheat and 
a 14-chromosomc-related wild grass, 
identified by Saikar and Stcbbins (1956), 
and later upheld by Riley, Unrau and 
Chapman (1958), to be Aegilops spel- 
toides var. liugsiica or a closely related 
form, Only one of the tetraploid spe¬ 
cies— T. Dicoccum , also called wild 
emmer-is found growing wild in South¬ 
ern Armenia, north-eastern Tuikey, 
Western Iran, Syria and Northern Pales¬ 
tine. Closely related to wild emmer is 
its cultivated version called emmer, and 
both of them have fragile rachis and 
lough glumes. Well-preserved spike- 
lets, scarcely different from those of the 
modern emmer, have been found in 
Egyplian tombs of the Fifth Dynasty 
while remains or impressions of this 
wheat have been commonly found in 
neolithic sites in continental Europe, 
Britain and Ireland. These evidences 
show that emmer may well have been 
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tin* rluVf cereal of the* Near Ka.st, from 
prc-historic times to the Graeco-Ronum 
periods, 

Tin* telraploid wheats were tin* first 
to produce .species* with tough rucliis 
and bee-threshing grains. Although 
four Mieli .species arc known— durum, 
lurgidum, carthlicum and puhnicum- 
yct none of these wheals except durum 
is of great commercial importance to¬ 
day. Recent genetic analysis has shown 
that these species, which inter-cross 
freely giving fertile hybrids, are differ¬ 
entiated from each other mostly with 
respeet to single loci and, hence, may 
he cmsidcied sub-species of one basic 
species. The oldest of these, durum, is 
believed to have been cultivated during 
the Greeco-Rmnan period about the 
first century R.C. This species, which 
is the best wheat for the manufacture 
of macaroni, spaghetti and other edible, 
paste products, is still grown fairly ex¬ 
tensively in Italy, Spain and parts of 
ihe USA, and also in our country. T, 
Turgidum, called the rivet wheat, deser¬ 
ves mention since it is the tallest grow¬ 
ing and, under favourable conditions, 
one of the, most productive wheals, 
However, its grains are soft, yielding a 
weak flour unsuitable for bread-making. 

Another telraploid species-^ 1 . Timo- 
pheeoi, discovered in this century by 
Russian botanists and known only in 
Western Georgia-appcars to bo quite 
differentiated from the rest of the spe¬ 
cies of this group. This species is re¬ 
sistant to virtually all diseases that 
attack other cultivated wheats, including 
lusts, smuts and mildews and is obvi¬ 
ously of great practical interest to plant 
breeders. Inter-specific crosses involv¬ 
ing T. Timopheevi have led to the deve¬ 
lopment of cytoplasmic male sterile 


lines m bread wheal, offering scope for 
ihe commercial exploitation of hybrid 
\iguur in wheat production. 

Third Hinge 

The liesaploid group consists of seven 
illicit"! which arc all cultivated; none 
has ever been found growing wild. Of 
these, T. Sprlta, T. Mucha, T, Paotlovi 
and T, Y.htikot shtji are, like eiukorn and 
eninier, hard ihieshing species while T, 
Bulgan\ T. Spharrocaccum and T. Com- 
]nicliun are free-threshing and, popu¬ 
larly known as bread wheats, account 
for about DO per cent of all the wheat 
grown in the world today. The hexa- 
ploid speeies, like tilt* telraploids, are 
differentiated from each other with res¬ 
pect to only ono or n few loci and have, 
been regarded by Mackey (195-1) and 
also by Sears (1959) to he sub-species of 
a basic species designated T. Aeslioum. 

All the hexaploid wheats are products 
of hybridization followed by chromo¬ 
some doubling between telraploid 
wheats containing the A and B genomes 
with a wild 1-1 -chromosome grass, Aegi- 
laps squarwsa , containing the. genome 
D. The, species, T. Zhukouhjl, seems 
to he an exception having the genome 
constitution AAAABB instead of 
AABBDD, as reported by Swaminathan. 
Some of these hexaploid species have 
already been artificially synthesized by 
various research workers, thus support¬ 
ing the above conclusions. The parti¬ 
cular value of the bread wheats lies not 
only in their greater yield potential and 
in their free-threshing naked grains but 
also in the peculiar quality of their 
gluten, the piotein component of wheat 
grain. Of all the cultivated cereals, 
only the bread wheats are capable of 
producing the light, fluffy, leavened 
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bieads we know today. The D genome 
seems to have contributed not only to 
the biead-making quality but also tole¬ 
rance to cooler growing-seasons, exten¬ 
ding tlie adaptability of the wheat plant 
fiom the equator to the Arctic circle. 

Which one of the liexaploid species 
arose first, or where, and when the 
modern biead wheat fust occurred are 
still matters for intelligent conjectuie, 
Giains of sphoerococcum, a species con¬ 
sidered to be endemic in this country, 
have been found at the most ancient 
site in India—Mohenjo-Daro, dated 
about 2500 B.C. The wheat found in 
neolithic store-chambers in Hungaiy 
has been identified as T, Compadum. 
All the aichaeological evidence, none 
in itself conclusive, indicates that the 
bread wheats originated much before 
the time of Christ but later than einkorn 
01 emmer. The studies conducted by 
Swaminathan and his associates have 
indicated that the liexaploids— vulgare, 
spelta, macha and zhukovskyi —are like¬ 
ly to have had independent origins 
from pre-existing ietraploids All hypo¬ 
theses making them interdependent in 
evolution raise more questions than 
they solve, Which one of these hexa- 
ploids arose first has to be largely deci¬ 
ded by archaeological and historical 
evidence and not from cytogenetic ana¬ 
lysis alone. 

Early Improvement of Wheat 

Before knowledge of sex and inheri¬ 
tance mechanisms in plants was gamed, 
the only method piactised by farmers 
themselves or by professional breeders 
was selection which was carried out 
unceremoniously with the aid of a fram¬ 
ed eye and an impulsive hunch, This 
practice was based on the belief that 


by picking a fine plant, then picking 
the finest of its piogeny and repealing 
the piocess ycai by year, an improved 
form would gradually be built up. 
There is no better example of the value 
of selection as a means of improving 
wheat than that provided by Halle It’s 
woik in England. Starting in 1857 with 
an ear of wheat 4| inches in length and 
containing 47 grains, by 1861 Hal- 
lett had produced one 8J inches long 
with 123 grains. With slight modifica¬ 
tions this method was followed by early 
distinguished bleeders like Le Couteur, 
Patrick Shiireff, Vilmmins, Nilsson and 
Hays who bred many successful varie¬ 
ties of their times such as ‘Improved 
Fife’, This method was put on a sound 
scientific basis by the concept of geno¬ 
type and the pure-line theory develop¬ 
ed by Johannsen (1903). The usual pio- 
ccdure in pine-line breeding has been 
to select a large number of single 
plants, compare their progeny in field 
trials, and save the single mosL valuable 
progeny as a new variety. It is obvi¬ 
ous that the most that selection can ac¬ 
complish is the isolation of a pure form 
from a mixture of forms. Mass selection 
differs from pure-line selection in that 
a number of plants, rather than just 
one, are selected to make up the new 
variety. In olhei words, varieties deve¬ 
loped by this method include fewer 
genotypes than parent population 
but moic than ‘single’ genotype of varie¬ 
ties developed by purc-lino selection. 
It should be noted that one out¬ 
standing merit of the wheat plant, lend¬ 
ing it so well to improvement by the 
selection method, was its self-pollina¬ 
tion system. Once the mechanism of 
sex in plants became known, emphasis 
was shifted to the value of crosses as a 
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moans of obtaining now combinations 
of characters. William Farrer of Aus¬ 
tralia, during tin- latter part of the nino- 
teentb milnry, approached prosont-day 
plant-brooding mothods and developed 
many wheat varieties of groat value. 
He selected parents for crosses on the 
basis of their diameters, strongly featu¬ 
ring the value of composite crosses as a 
means of inducing maximum variation. 
Tlius, ‘federation,’ a variety of wheat 
that was early-maturing and non-shat¬ 
tering, with stiff, erect, short stinw, was 
produced by him as tlu 1 result of a defi¬ 
nite attempt to obtain a variety of 
wheal suited to 'combine' harvesting. As 
an illustration of this principle, and 
parentage; of 'federation’ is given 
below! 

Improved Fife X Etuwah 

h 

Yundilla X Purple Straw 

\ 

Federation 

Another shining example of this era is 
the development of the famous variety, 
'marquis’, in Canada, by Saunders, 

The rediscovery of Mendel’s laws of 
inheritance by De Vries, Carrcns and 
Von Tscliennak, in 1900, stimulated 
the extensive studies of the laws of 
heredity that have led to the present 
system of breeding crop plants with a 
definite plan to obtain a desired com¬ 
bination of characters, With the addi¬ 
tion of the concept of dominance and, 
linkage, the whole process of segrega¬ 
tion turned out to he so definite and 
orderly that the breeder could confi¬ 
dently forecast not only what types 
would occur in die Fa generation of 
cross, but also the proportions m which 
they would be found. As these facts 
became evident and it was realized that 


phinl-brrcding was no longer, to quote 
Findley's apt description, "a game of 
dumce played between man and 
plants', almost every wheal-growing 
country founded experimental stations 
for solving its own problems of wheat 
improvement. 

A new dimension to wheat-breeding 
was added by Sir Rowland Billon who 
demonstrated for the first time that like 
other characteristics of the wheat plant, 
resistance to rusts also followed the 
Mcndelian laws, lie announced at the 
beginning of this century that ‘plant¬ 
breeding offers no more, fascinating pro¬ 
blem than that of attempting to control 
epidemics of fungal diseases by deve¬ 
loping resistant varieties.’ Thus, breed¬ 
ing for disease resistance was also in- 
eluded in tlu; list of objectives of wheat- 
breeders. 

With the increase in our theoretical 
understanding of the breeding princi¬ 
ples, techniques were refined and their 
application extended. Thus, the back- 
cross method was developed to improve 
the existing successful varieties with res¬ 
pect to one or two specific defects. The 
concept of a broad genetic base in 
breeding programmes replaced tire 
early idea of pure-line breeding. When 
it became known that tire success of a 
breeding programme depends upon the 
genetic variability present in tire parent 
populations, efforts were directed to¬ 
wards collecting all available genetic 
slocks so as to preserve the valuable 
germ plasm for future use. After the 
important discovery by Muller in 1927 
drat the rate of spontaneous mutations 
could be greatly accelerated by means 
of X-rays, mutation-breeding was taken 
up with calculated advantage to induce 
genetic variablity and thus to make 
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selection more effective. The ‘trans¬ 
location technique’, developed by Sears 
(1956) to transfer the leaf-rust resistance 
from Aegilops umbellulata into bread 
wheat, has proved very useful in inter¬ 
specific and integeneric transfer of de¬ 
sirable genes. Mutation-breeding has 
thus become a potential aid to con¬ 
ventional wheat-breeding. I may quote 
here John Percival, one of the greatest 
wheat expei ts of his time, who wrote 
in 1921 that “it is important to empha¬ 
size the fact that the creation of plant 
chaiacters is beyond human power, and 
the causes which lead to the production 
of hereditary variation are quite un¬ 
known”. How soon has human power 
transgressed its boundaries! 

The Indian Scene 

Wheat has been under cultivation in 
India since very ancient times and, in 
fact, at least one of its forms is consi¬ 
dered to have originated, in the remote 
past, in die region of North India and 
Afghanistan. Identification of carbo¬ 
nized wheat grains found at the 
Mohenjo-Daio site as T. S phaerococcum 
indicates that bread wheat was under 
cultivation in the Indus Valley 5,000 
yeais ago. The wheat crop still occu¬ 
pies an area of approximately 32 million 
acres, yielding about 10 million tons of 
grains Wheat cultivation in India is 
confined mainly to the vulgare and 
durum species, others being grown in 
small pockets. By far the greater area 
is under the vulgare wheats, particu¬ 
larly in the very extensive wheat-grow¬ 
ing regions of Northern India. The 
durum wheats are grown mainly in 
some parts of Maharashtra and Madhya 
Pradesh, The dicoccum wheats are 
grown in very small areas of Maharash- 


tia, Madras, Andhra Pradesh and My¬ 
sore. A special featuie of Indian wheat 
is the relatively short season in which 
it giows. While, in some Western 
countries, the crop stands in the field 
for nine or ten months, in India it is 
leady for harvest in four to six months 
after sowing. 

Early Work 

It may sound strange today to know 
that there used to be an export market 
foi Indian wheat in the early days. 
Then, the Indian wheat used to be a 
mixture of the soft, white sorts, and was 
being valued at a lather low price be¬ 
cause it was not up to the standard 
requned, particularly in regard to mil¬ 
ling and baking qualities. The British 
Government, then, considered the desi- 
i ability of improving the Indian wheat 
by suitable methods of breeding as was 
done then in England and other coun¬ 
tries. Accordingly, investigations on 
wheat were started by Albert Howard 
and Mrs. Howard with the help of A. R. 
Khan, of the Imperial Institute of Agri- 
cultuial Research at Pusa in Bihar. 
This work started during the first 
decade of this century, showed in its 
early stages that the Indian wheat 
material was very rich in valuable cha¬ 
racters. The fiist stage of improvement 
of the a op consisted of survey and col¬ 
lection of indigenous wheats and their 
separation into pure types. The earlier 
selections made from these collections 
were very outstanding, especially Pusa 
4 and Pusa 12 (now N.P, 4 and 
N.P. 12). They compared well with the 
best quality wheats in the world and 
N.P. 4 was distinguished enough to get 
the first prize four times, between 1916 
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and 1920, in international grain exhibi¬ 
tions, 

Improvement nf tin* wheat crop hv 
means of selection from the local mate¬ 
rial was also carried out in dilferont 
ssheal-grmsing slates of tin* country. 

In Uttar Pradesh, the variety Kanpur 18 
was evolved by Leake in collaboration 
with the Howards, Wheat improve¬ 
ment in the Punjab by Milne led to 
popular varieties like types 11, 8-A and 
9-1). The work initiated by Sir Geo¬ 
ffrey Evans in Madhya Pradesh resulted 
in the isolation of a number of improv¬ 
ed strains like A.O. 13, A.O. 88 and 
A.O. 90, The itnpioved varieties bred 
in the Bombay Stale included the 
durum types: ‘Molin' and ’Gulab'. 

Vcuieiies Developed by Hybridization 

Any given variety possesses only a 
few desirable characters and thus the 
limit of improvement by means of selec¬ 
tion is reached when the best of the 
existing varieties have been picked out. 
The plant-breeder obviously cannot 
rest content with this. By means of 
hybridization, he tries to incorporate in 
one variety more and more desirable 
characters brought in fiom different 
varieties. Hybridization has been the 
most successful methods for developing 
better varieties of crop plants. In the 
beginning, our main object in hybridi¬ 
zation programmes was to produce 
wheats with high protein content, 
attractive grains and good yielding abi¬ 
lity. This line of work continued up to 
the middle thirties during which period 
a number of improved wheat varieties 
like NP, 52, N.P. 80-5, N.P. 114, 
N.P, 120, N.P. 125 and N.P. 165 were 
bred at the Indian Agricultural Re¬ 
search Institute. Similar work was also 


taken up at the same time in the differ¬ 
ent wheat-growing states nf the coun¬ 
try, and it resulted in the evolution of 
varieties like G. 518 and G. 591 in the 
Punjab, A.O. 68 and A. 115 in Madhya 
Pradesh, and Java, Vij.iv and Niphatl 4 
in Bombay. 

In 1931, a committee of experts met 
at Simla to discuss ways and means of 
fighting the ravages of rust, and the 
emphasis in wheat improvement shifted 
to breeding for disease resistance, I 
had the privilege of being the leader of 
the wheat breeding team and worked in 
close eiiupeuitirni with the plant 
pathologists. In Northern India all 
the tlnee rusts are responsible for 
(he damage to the wheat crop and 
lienee tins wheat varieties which arc 
evolved should be resistant to all these 
three rusts. In view of the complexity 
of the problem, the work was taken up 
in two stages, the first being the pro¬ 
duction of varieties separately resistant 
to stem, leaf and stripe rusts, and the 
second the combining of resistance to 
all the three rusts. Satisfactory pro¬ 
gress was made at the Indian Agricul¬ 
tural Research Institute with regard to 
the first stage which involved hybridi¬ 
zation with resistant foreign varieties. 
Thus, N.P. 783 and N.P. 784 were high¬ 
ly lesistant to brown rust; N.P, 785 
and N.P. 786 to yellow rust; and 
N.P. 789, N.P. 790, N.P, 798 and N.P. 
799 to black rust. The second phase of 
the work was also begun for building 
up resistance to all the three rusts. A 
few strains have already been produced 
that combine a useful degree of resis¬ 
tance to all the three rusts with very 
good agronomic characters. One of 
these, N.P. 809, is doing very well in 
the hilly areas of Himachal Pradesh, 
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Systematic breeding foi rust resist- 
tancc in Peninsular India was also start¬ 
ed in Bombay and Madhya Pradesh 
where only stem mst prevails. This 
programme yielded successful varieties 
like the ‘Kenphad’ strains and ‘Hybrid 
65’, Woik on breeding for lust resist¬ 
ance was likewise taken up in certain 
other states, including the Punjab 
where varieties resistant to one or more 
rusts are lcpoited to have been evolved. 
Among these, mention may be made of 
C. 217, lepoited to be good for barani 
conditions in the Punjab, and C. 281 
with high yield and good giains suited 
for cultivation in the Plaryana tract. 

Although the discussion so far has 
been confined to the rust disease, it may 
be mentioned that the loose smut dis¬ 
ease which is only second m importanco 
to the former has received its due share 
of attention. A number of wheat varie¬ 
ties evolved at the Indian Agiicultural 
Research Institute by me, and conveni¬ 
ently refeired to as the wheals of the 
‘New Pusa 700 seiies,’ aie notable foi 
their high degree of tolerance to the 
rusts combined with very high resist¬ 
ance to the loose smut disease. 

Considerable work has also been done 
on the nutritive value of the improved 
vaiieties. Besides the chapati-making 
quality, the baking oi loaf-making qua¬ 
lity of Indian wheats is also lecciving 
our attention, 

Realizing that breeding for special 
conditions is of particular significance 
for the future cultivation of wheat in 
India, efforts were diiected at evolving 
two categories of vaiieties: those suit¬ 
able for intensive cultivation and those 
suited to rainfed conditions. The estab¬ 
lishment of several river valley projects 
and new irrigation systems and the 


growing use of fertilize]s by our fann¬ 
ers necessitate the development of 
varieties suited for intensive agricul- 
tuial piaclices, A non-lodging habit 
and the ability to utilize the applied 
fertilizer for giving economic returns 
svill have to be essential qualities of the 
varieties evolved m the future. Aheady 
several new Pusa wheals (N.P. 823, 
N.P. 824, N.P. 871 and N.P. 876) pos¬ 
sessing these attributes have been bred 
and disLnbuted among farmers. Seve¬ 
ral states are also working along these 
lines and a variety, C. 306, bred in the 
Punjab, has shown wide adaptability 
and high-yield potentiality. 

Induction of Mutations 
Realizing the value of mutagenesis in 
plant-breeding, a comprehensive pro¬ 
gramme was initiated at the Indian 
Agricultural Research Institute to ex¬ 
ploit to the full the potentialities offer¬ 
ed by mutation-breeding. Here the 
particular interest has been in the use 
of mutagens to rectify one or two spe¬ 
cific defects in desirable genotypes. 
Following this technique, the character 
of awning was introduced into the 
vaiieties N.P, 798, N.P, 799 and N.P. 
809. Again, the red-gram character of 
the high-yielding Mexican varieties, 
Sonoia 64 and Lcnna Rojo, was chang¬ 
ed to the amber colour much liked by 
our faunas. The same objective can 
be achieved by hybridization followed 
by back-crossing hot this, besides tak¬ 
ing a much longer time, may lead lo a 
dilution of desirable genotypes, This 
work has shown that, wherever possi¬ 
ble, specific gene changes should be 
brought about by mutation research 
without disturbing the adaptive charac¬ 
teristics of the variety. Indueed-muta- 
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tion analysis, undertaken by a team of 
enthusiastic research workers at the 
Indian Agricultural Research Institute, 
has also provided information of value 
in understanding the nature of genetic 
change involved in species differentia¬ 
tion and in reconstructing the phyloge¬ 
netic history of the wheat plant as men¬ 
tioned earlier. 

The Future 

It has become increasingly evident 
that in order to achieve a break-through 
in our wheat production, our efforts 
should mainly concentrate on evolving 
varieties suited to intensive agricultural 
practices, since the production records 
show that a major bulk of our wheat 
grains is produced in the rather small 
acreage having adequate irrigation faci¬ 
lities and high fertility. It is now 
known that the wheat plant can effici¬ 
ently utilize much higher levels of soil 
nutrition and consequently give a much 
higher yield if lodging can be prevent¬ 
ed. In Europe and America, the lodg¬ 
ing problem lias been overcome by 
breeding varieties with short, stiff straw. 
It is also clear from the work done in 
Mexico that reduction in plant height 
does not necessarily lead to a great loss 
in straw yields because the high-tiller¬ 
ing ability of the dwarf strains acts as 
a compensatory factor, It is note¬ 
worthy that the 'Gaines’ wheat, a dwarf 
variety of winter wheat developed in 
the USA, has created a new record 
for wheat yield in the world, So, our 
prime object should be to breed such 
dwarf varieties suited to Indian condi¬ 
tions and requirements. The outstand¬ 
ing performance of the Mexican dwarf 
varieties, ‘Sonora 64’ and ‘Lgrma Roja,’ 
in comparative yield trials at Delhi and 


Ludhiana has shown that they may be 
directly utilized in wheat production in 
this country. 

The development of hybrid maize and 
sorghum varieties which effectively 
utilize heterosis has revolutionized the 
yields of these two crops. Heterosis in 
wheal has been commonly observed 
and Briggle (1963) has recently pub¬ 
lished an excellent review of literature 
ou cytoplasmic male sterility, fertility 
lestoration, heterosis and cross-pollina¬ 
tion in wheat as related to the produc¬ 
tion of hybrid varieties. It remains to 
be seen how economically the, heterotic 
effect can he superimposed upon the 
yield base, of the present highest- 
yielding commercial varieties. 

Another exciting possibility lias been 
the reconstitution of a hexaploid wheat 
by means of chromosomal or genome 
substitutions. A large number of am- 
phidiploids have been synthesized by 
various research workers but none of 
them has so far proved worth the effort 
in spite of the high claims of their ad¬ 
vocates. ‘Triticalc’ and ‘perennial’ 
wheals have not proved as useful as 
they were thought to be. 

The ‘branebed-ear mutant of bread- 
wheat evolved by Dr. Swaminathan has 
impressed me. Ears of this mutant are 
sorghum-like and they contain nearly 
twice as many grains as those of the 
parental material. On improving ex¬ 
pressivity of this mutant type by 
choosing suitable genotypic background, 
this ‘induced’ character may lead to 
development of ‘miracle wheat’ of 
future. 

An outstanding cytogenetic contribu¬ 
tion of present era has been the dis¬ 
covery that chromosome pairing in 
bread wheat is under genetic control. 
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This governing system of the diploid- mosomes of the ancestral genomes lead- 
hke meiotic behaviour of the poly-ploid ing to genetic recombination among 
wheats, ensuring their high fertility, has homologous chiomosomes. Thus, trans- 
been identified as being located in fer of desirable genes through inter- 
chromosome VA. In nulli-VA plants (i.e., specific and mleigeneiic hybridization 
m plants lacking the homologous pail can be effectively and more readily 
of chiomosome VA), multivalent pairing accomplished by taking advantage of 
occurs among the corresponding chro- this unique mechanism. 

The Srinivasa Ramanujan Lecture 1964. This lecture was published originally 
in proceedings of the National Institute of Sciences of India, August 1966, and is 
reproduced here by kind permission of the Secretary, National Institute of'Sciences 
of India 
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Science in Aid of 
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D URING one’s lifetime one creates 
and accumulates a large number 
of documents, such as letters, certifi¬ 
cates of biith, education, mairiagc and 
taxes, land deeds, papers about invest¬ 
ments and terms of contract. Such do¬ 
cuments whothei created or received by 
individuals or business firms or by go¬ 
vernment agencies or other institutions 
in the course of their work, arc preserv¬ 
ed either for their historical, cultural, 
legal or informative value or for 
research purposes. The greatest single 
cieator of records is the government. 

Documents may either be in printed 
or in manuscript form, They constitute 
the memory of the creating agency and 


possess a wealth of information. For 
example, they may provide a clue to the 
mini lal and other resources or throw 
light tm scientific, economic or social 
mallei or cm financial and legal com¬ 
mitments and other similar things. Be¬ 
cause of this utUity in records and their 
unimpeachable^ evidential value, do¬ 
cuments have become the basic tools 
of administration. From whatever 
angle one may consider them, one can¬ 
not help but conclude that their con¬ 
servation is necessary, not only for the 
use of the present generation hut also 
fur those to come. 

The National Archives of India with 
its headquarters in New Delhi is one of 
the few archival institutions in the world 
which has a full-fledged preservation 
unit including a laboratory staffed 
with trained .scientific personnel, 
The unit is furnished with almost all 
the equipment and apparatus required 
for conservation and restoration and for 
analysing and measuring the various 
physical and chemical properties of 
paper. 

Writing Materials 

Preservation of written records has 
certainly been a concern for learned 
people ever since the origin of culture. 
The fact that durable materials were 
actually employed for important re¬ 
cords is sufficient proof of this concern. 
In the beginning the records were en¬ 
graved on stone, brick or bronze. Later 
on, as a lcsull of tire desire to translate 
thought into writing, materials like pa¬ 
pyrus, bark, parchment and leather were 
used. The dissemination of knowledge 
requiied the use of a substance which 
could be had in abundance at a low 
cost and be useful for writing purposes. 
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Papei fulfilled all these lequiiemenls 
admiiably Since then, the advances 
made in the field of technology and 
scientific knowledge have helped its de¬ 
velopment and usage. Most of our 
present day recoids and those that have 
survived aie on paper. However, like 
any other man-made material, papier is 
subject to deterioration. 

Causes of Deterioration 
Scientific reseaicli has shown that 
deterioration in paper is brought about 
by one or moie of the following phy¬ 
sio-chemical factors- 

(a) Heat and exposure to light. 

(b) Moisture; it is dangerous for 
its hydrolytic power. In addi¬ 
tion, it favours biological 
attack. 

(c) Frequent and pronounced 
changes in tempeiature and 
relative humidity. 

(d) Acidic impurities, such as 
those present in the atmospheio 
of industnal areas, 01 m dust. 
Likewise strong alkalies are 
also injurious and contribute to 
the deterioration of paper. 

(e) Oxidizing' agents. 

(f) Presence of heavy metals even 
mtraccs They catalyze oxi¬ 
dative degradation and also the 
formation of sulphuric add 
from the sulphur dioxide pre¬ 
sent in the atmosplieic. 

(g) Presence and use of acidic 
sizes, such as alum, rosin etc. 
and of acidic ink. 

(h) Use of fibres having low con¬ 
tent of cellulose and presence 
of non-cellulose matenals of 
the lignin type, which are 
often acidic m nature or yield 


acidic derivatives upon decom¬ 
position. Such non-cellulosic 
matenals are sensitive to 
dcterioiative agents such as 
light. 

Detcnoiation caused by the various 
agents enumerated above, viz. light, 
heat, moisture, dust particles, insects 
and acids, is different from deterioration 
associated with the normal ageing of 
paper. All papers, iiiespeetivc of the 
matenals of which they are made must 
deteriorate with age, in spile of the most 
ideal stoiage conditions. Such deterio¬ 
ration can only be minimised or al best 
retaided. 

Conservation 

Detcnoiation due Lo all these causes 
can be counteracted by taking preven¬ 
tive steps and this is what constitutes 
conservation of documents. For pre¬ 
servation on scientific hues, the primary 
task is to have men who have intimate 
knowledge of the different types of 
paper, their mode of pioducticm, the 
effect of environmental conditions on 
them and the materials used for creat¬ 
ing records, and also on those used for 
enhancing their longevity, for example, 
inks of various kinds, cardboards, 
parchment, vellum, leather, textiles, 
cellulose plastic films, adhesives, A 
person engaged on the coiiscivation 
work must, therefore, have knowledge 
of physics and chemistry besides that of 
architecture and entomology. 

The physical properties of paper arc 
measured by instruments devised to 
simulate the main types of sliain the 
paper may or is likely to undergo when 
in use, such as, folding, tearing, burst¬ 
ing, tensile etc. The effort requned to 
break the sample is usually taken as 
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its significant value. These determi¬ 
nations are of course generalized, that 
is, a paper withstands foldings say 
eighteen-times only. Tin's test, however, 
has a high practical value when, fur ins¬ 
tance, it predicts that one paper will 
withstand use longer than another of a 
lower folding endurance as measured 
hy the instrument. 

The chemical properties relate to com¬ 
position, fibre quality etc. They are 
very important because the dependence 
of durability of paper upon composi¬ 
tion has been definitely established. 
Also some chemical properties are re¬ 
lated to mechanical strength and lienee 
to durability of paper. For example, 
the mechanical strength in paper de¬ 
pends upon the length of cellulose 
chains, which can ho determined chemi¬ 
cally. One of the efEects of deteriorat¬ 
ing agents is the breakdown of the 
large chains of cellulose molecules. The 
keeping quality of paper is also depen¬ 
dent upon the free acidity in paper. 
Determination of this free acidity helps 
to evaluate the ageing of paper. 

Facilities also exist in National Archi¬ 
ves, New Delhi for deciphering of charr¬ 
ed, water damged or disfigured do¬ 
cuments, for ultraviolet and infrared 
photography, microfilming and photo¬ 
duplication work. 

During die past fifteen years or so, 
much work lias been done all over the 
world on various problems of conserva¬ 
tion and restoration of documents, such 
as in the field of restoration, neutrali¬ 
zation, use of adhesives, paper testing, 
formation of standards etc. To des¬ 
cribe a few: 

(a) Solvent Lamination Process: This 
process was developed in 1953 in the 
National Archieves, New Delhi and is 


now known all over the world as the 
Indian Process of Lamination. In this 
process .sheets of cellulose acetate film 
and tissue paper are placed on either 
side of the document in the following 
manner: 

Tissue paper 
Cellulose acetate film 
Document 

Cellulose ucetate film 
Tissue paper 

Acetone is first applied to the sand¬ 
wich of the document in the centre 
suing a non-lintiiig cloth and then wip¬ 
ed towards the edges. The procedure 
is repealed cm the. other side. The 
laminate is then pressed in an ordinary 
binder’s press. In this process no heat¬ 
ing is required, 

It has now become a standard tech¬ 
nique for restoration of documents and 
has been adopted by a number of archi¬ 
val institutions all over tho world; the 
usefulness being limited only by the 
skill of tiro processor. It compares 
favourably with the machine process, 
developed in USA, where heat and 
presure are used. Commenting on this 
process, Dr, Joh Papritz in the Inter¬ 
national Council of Archives meeting 

in Stockholm stated, "_it seems that 

a suitable solution has been found for 
lamination in the restoration of single 
document which will soon spread to 
archives all over the world.” He further 
stated that it is the only hand process 
for applying synthetic foil and that it 
will probably make all other low tem¬ 
perature processes superfluous. 

(b) Development of India-7: The 
efficacy of this process has been enhan¬ 
ced by its successful mechanisation by ; 
a French firm, Omnia. Industrie, Paris, 
The firm has named the machine 
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India-7 in honour of the country where 
the process was developed, There are 
two models of the machine. One per¬ 
mits treatment of the document on 
individual basis and the other permits 
an automati ctum-out of restored work, 
(c) Non-Woven Fabrics for Res¬ 
toration Work : Experiments have been 
conducted with synthetic non-woven 
materials with a view to replacing issue 
paper in the conventional sandwich, 
described earliei undei solvent lamina¬ 
tion. The work has shown that terylene 
tissue paper is suitable for such work. 
Samples laminated with it, come out 
much cleaner and lighter. It has been 
observed that much less quantity of 
acetone is required for the job. Further, 
it has greatei tearing strength, more 
flexibility and greater folding endurance 
than the one laminated with tissue pa¬ 
per. The repair sample is much more 
mechanically and chemically homo¬ 
geneous than the conventional sand¬ 
wich and therefore, not liable to un¬ 
balanced streasses due to change in the 
moisture content and temperature of the 
atmosphere. 

(b) Neutralisation: Acidity is one of 
the causes of deterioration of paper, It 
is essential to neutralize it prior to eff¬ 
ecting restoration. A number of pro¬ 
cesses involving the use of substances 
such as calcium carbonate, magnesium 
carbonate, ammonia, and cyclohexy- 
lamine carbonate have been described 
in the literature. 

A process that has been studied re¬ 
cently involves the use of the sodium 
salt of carboxy-methyl cellulose. It has 
been observed that the neutralization 
effect, brought about as a result of the 
use of this material, remains even after 


heat-ageing. However, the tieated pa¬ 
per becomes stiff. It was observed that 
if a non-volatile plasticizer is added to 
CMC, which is a polymeric cellulose 
derivative, it helps to maintain the 
flexibility of the treated paper. It was 
also noticed that the folding endurance 
of the treated sample is increased to 
such an extent that the fold-endurance 
even after ageing remains almost sup- 
cnor to that of the original untreated 
paper. 

(c) Adhesives'. A thorough study of 
various natural as well as synthetic ad¬ 
hesives has been made by the Inter¬ 
national Council of Museums, and a 
UNESCO sponsored body. As a result 
of this a number of synthetic adhesives 
which can be used safely for conserva¬ 
tion work have been detailed and des¬ 
cribed. Another study conducted by 
the author in 1965 emphasized the use 
of alkaline adhesive for the repair of 
old documents. The use of alkaline 
paste is now being recommended and 
adopted universally. 

(f) Formation of Standards: A num¬ 
ber of papers in use in the various offi¬ 
ces of the Government of India \yere 
tested by the autlioi and found to be 
of inferior quality. The efforts of the 
National Archives since then have result¬ 
ed in a standard for permanent record 
paper. The standard was published by 
the Indian Standards Institution in 1961. 
Paper made according to the specifica¬ 
tions laid therein is expected to have 
reasonable durability and lasting quali¬ 
ties. 

I-Iowever, Mr, W, J. Barrow of USA 
has developed a printing paper which 
is expected to last for about 300 years. 
His study was sponsored by the Coun¬ 
cil of Library Resources Inc. of USA. 
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This paper is composed of well puri¬ 
fied chemical fihies-onc third sulphate, 
one third sulplute and one third soda. 
It is filled with 10H day and lO'.I cal 
cimn carbonate added in the heater. It 
is maeliine-si/cd with Aquapil-u si/e 
compatible with alkalinity. It is .sur¬ 
face sized with a 7'.i starch solution and 
has a pH of 9.00 (cold extraction). It 
is estimated that after ageing for 3fi 
days at 100'C, m of fold and m of 
tear values will bo retained, thus giving 
a theoretically useful life of at least 
300 years, 

Miscellaneous Work 
An interesting phenomenon has been 
noticed with old papers recently. It 
lias been observed that when the cut or 
shreded portion of an old paper is cover¬ 
ed with water and if a ling of filter 
paper is inserted to act as a wick for 
eluting and concentrating, the water 
soluble material a brown ring besides 
others is found on the top half-inch of 
the ring of filter paper. This water 
soluble material has been analyzed and 
found to have a formula CisHujOhi 
(MAV 322), The experiments were re¬ 
pealed with papeis of known composi¬ 
tion and elate of manufacture. After 
ageing them for 9 days at 105° C, it was 


observed that rings were found on the 
filter paper which were similar to the 
ones obtained with old paper. 

It is well known that the age of a 
tree cun be determined by the number 
of concentric annual rings in the trunk 
of (lit 1 tree. On the analogy of this, 
can Iht 1 age of paper Ik; determined 
from tin; analysis of the organic com¬ 
pound in the rings obtained from old 
paper? Work on this line is in pro¬ 
gress, A bieakthrmigh will provide a 
new process of dating yf old docu¬ 
ments. 

The other problem that needs care¬ 
ful study is availability of proper type 
of materials suitable for conservation 
and restmatiori work. These days be¬ 
cause of tin 1 advance in technology 
many synthetic materials are being 
oflcred for the work. Indiscriminate use 
of such materials is likely to result in 
more harm to the document than good, 
The only sure way is a complete scienti¬ 
fic investigation, 

To those who ask, what is a chemist 
doing in an archive, it may he said that 
liis is a constant vigil and war against 
the deteriorative agents of paper for 
safeguarding the nations cultural herit¬ 
age for years to come. 



Microelectronics 

Today 

B. H. Venning 


T HOSE familiar with the develop¬ 
ment of electronics over the past 
fifty years think of miniaturization as 
a trend that has long continued. The 
original valves made the eleclrio 
lamps, but then developed towards 
the miniature and sub-miniature forms 
still in use in many stages of television 
leceivers and hearing aids. Mobile 
transmitting stations which originally 
required a cart or van to achieve 
mobility evolved to man-pack or hand¬ 
held walkie-talkie sets, whilst receiveis 
weie reduced to handbag-size transis¬ 
tor sets. 

Why, then, has the advent of micro¬ 
electronics in the past few years creat¬ 


ed such intcicst and caused much hcad- 
scratclung concerning the ultimate 
changes it will cause in the electronic 
woild? The obvious factors of reduced 
size and weight are significant only in 
some applications, such as computers 
for satellite, locket or airborne use. 
The smallest size of many pieces of 
equipment is governed by such items 
as conti ol knobs, and interconnection 
plugs and sockets A ladio receiver, for 
instance, has to carry tuning and volume 
conLrols which can be manipulated, a 
dial which can he lead easily and a 
loudspeaker large enough to reproduce 
at least some notes faithfully. For mic- 
locircuils to have any impact on the 
domestic television market, the advan¬ 
tage cannot be in the ‘micro’ aspect as 
the size of the seL is determined by 
the viewing screen area, and not by the 
associated circuits. 

The real causes of the impending re¬ 
volution aie to be found in the factois 
of improved leliabilily and the expec¬ 
tation of moie economic production 
once large numbers of such circuits 
come into use. For the first time a 
mimbei of active devices (the power- 
pi oducing transistors) and passive com¬ 
ponents (the resistors and capacitors 
that deteimine the function of a circuit) 
can be fabricated at the same time with¬ 
in a single, package, in a controlled 
sequence of opciations that then pro¬ 
duce the complete circuit. Previously, 
assembly has always been from indivi¬ 
dual components, each one soldered 
into position even if the interconnections 
have made use of pointed circuit-wiring. 
Small components have produced minia- 
tuie assemblies, but handling difficulties 
obviously limit the ultimate reduction in 


Reprinted from the Times Science Review, Winter, 1965. 
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MAC, Microminiaturization is now ac¬ 
cepted as starting at a packing density 
exceeding five parts per cubic inch, 
which can he achieved with sub-minia¬ 
ture conventional components carefully 
assembled in random or uniform geo¬ 
metry, At this stage, reached some years 
ago, the main difficulty was to make 
satisfactory interconnections in the limit¬ 
ed space available, Now the earlier 
methods are overshadowed by the pro¬ 
duction of truly integrated circuits de¬ 
veloped from techniques used in tran¬ 
sistor manufacture, achieving packing 
densities of 200-1,000 components per 
cubic inch in production equipment, 
and up to 10,000 in experimental items. 
The mierooiicuit modules are produced 
under conditions where absolute con¬ 
trol of purity is essential, and the small 
weights of material involved allow the 
liberal use of precious metals such as 
gold. A number of components are 
produced on a single sheet, complete 
with interconnecting paths, so the num¬ 
ber of joints is a minimum and most 
of these concern only the external cir¬ 
cuits. All these conditions foster good 
reliability, and as automation is essen¬ 
tial for the production process, the eco¬ 
nomics are favourable once large-scale 
use is achieved. 

The basic manufacturing techniques 
employed produce either thin-film cir¬ 
cuits (T.F.C.), semiconductor integrat¬ 
ed or ‘solid' circuits (S.I.C.), or hybrids 
combining the most desirable features 
of both. The passive components (the 
resistors, capacitors, and inductors of 
low value) of a T.F.C. together with the 
interconnecting paths, are formed by 
deposition of a thin, conducting film on 
a flat glass or similar substrate. It is 
not yet possible to form active semi¬ 


conductor devices on a commercial scale 
by the same means; so transistors and 
diodes of suitably small dimensions have 
to be attached to the substrate separa¬ 
tely, but not necessarily by hand as the 
process can be automated. This type 
of circuit is most suitable when the 
ratio of passive to active components is 
high and when the values of the passive 
components have to ha accurately con¬ 
trolled. 

Solid or semiconductor integrated cir¬ 
cuits have grown out of the planar pro¬ 
cess used for transistor manufacture, 
which lends itself to the production of 
a large number of transistors (possibly 
several hundred) on a single silicon 
slice, an inch in diameter. This same 
aiea of silicon can be devoted to a 
mixture of transistors and diodes with 
interconnecting paths formed by zones 
of specified resistance, Three-dimen¬ 
sional geometry allows the production 
of 'cross-overs' where paths cross with¬ 
out resistive connexion, and capacitors 
cun be formed from parallel films or 
from semiconductor junctions. The fun¬ 
ction of the different zones is deter¬ 
mined by selective 'doping’ in successive 
operations, and the circuit is indeed 
solid, with no external connections to be 
formed between active and passive com¬ 
ponents. A typical combination of nine 
active and six passive components con¬ 
stituting a higli-gain low-drift amplifier, 
occupies a chip size only 0.05 in, by 0.05 
in. before encapsulation. There are 
certain limitations in the values of resis¬ 
tors and capacitors which can be obtain¬ 
ed, and control of these values is not 
as precise as with a T.F.C.; so this type 
of circuit is at present more acceptable 
for a high value of active to passive 
components, although it is also -being 
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used with great success in feedback 
amplifier circuits such as the example 
just quoted. 

There are obvious situations where it 
is desiiable to combine the best fea¬ 
tures of both types, leading to hybrid 
circuits which contain passive com¬ 
ponents of critical values formed as a 
T.F.C. on a substrate, with the active 
devices and less critical components 
formed as one or more S I.C. chips. In 
all these circuits, the larger values of 
capacitors needed for electrical decoupl¬ 
ing and nearly all inductors have to be 
added as external.units, as these cannot 
be incorporated in integrated form. 
One difficulty experienced with silicon 
circuits arises when it is necessary to 
ensure isolation between adjoining 
transistors, and dielectric regions have 
to he added if the original monolithic 
stiucture is to be maintained. The 
circuit can, however, be divided physi¬ 
cally into separate chips which are then 
remounted on a non-conducting sub¬ 
state. Isolation is now achieved at the 
expense of introducing more intercon¬ 
nections between the various chips and 
to the external pins. The final encap¬ 
sulation of either type of circuit can 
be a miniature TO-5 transistor can 
(0.25 in. diameter) with leads emerg¬ 
ing from the base, or one of several 
plastic 'flat packs’ of a size dictated by 
the enclosed substrate, and connexions 
taken via rigid pins at the sides. 

The basic operation involved in pro¬ 
ducing a T.F.C. microcircuit is to de¬ 
posit a suitable piattem of a thin con¬ 
ducting film of the correct dimensions 
on an insulated substrate, together with 
the necessary internal interconnections. 
The substrate is usually a highly polish¬ 
ed flat sheet of borosilicate glass (typi¬ 


cally 0.05 in. thick) similar to a mic- 
loscope slide, or a sheet of alumina 
glazed with a similar glass, the alumina 
being introduced to provide better ther¬ 
mal conduction to a heat sink. De¬ 
position on to an active substrate silicon, 
is also used m the preparation of hybrid 
circuits. 

A typical sequence of operations is 
as follows: 

1. A conducting layei of nickel- 
chromium, or of a silicon monoxide/ 
chromium mixtuie is formed on 
the substrate by vacuum deposition, 
i.e., by heating in a vacuum chamber 
in which the required metal is evapora¬ 
ted from a separate crucible. 

2. This layer is coated with a photo¬ 
sensitive lacquer (a photo-resist), and 
covered with a photographic negative, 
prepaied by suitable reduction to define 
the required pattern. 

3. Exposure to ultra-violet light 
produces a light-hardened image which 
can be developed to give an exact copy 
(0 0001 in.) of the required pattern 
as a pi elective layer on top of the thin 
film. 

4. Etching in a solvent dissolves un¬ 
wanted metal to expiose the hare sub¬ 
strate, and the photo-resist is then re¬ 
moved by a further solvent to leave 
the required pattern of metallic resis¬ 
tors. The dimensions can finally be ad¬ 
justed, if necessary, by cutting with a 
suitably directed jet of fine abrasive. 

5. Interconnections of gold, alumi¬ 
nium or manganese can be formed by 
depositing one of these on top of the 
nickel-chromium, followed by selective 
etching to form the required pattern. 

The sheet lesistance of a typical layer 
of nickel-chromium, 100 angstroms thick 
is 100 to 300 ohms/square (this being 
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independent of the ehniee of linear 
units), while that of cermet is at least 
ten times larger. Hesistors from 25 
ohms to 100.00(1 ohms can he obtained 
to five per cent tolerance. Capacitors 
are formed hy a series of selective etch¬ 
ings that lease a bottom elect rode of 
gold (or aluminium) covered by a die¬ 
lectric of .silicon monoxide and a top 
electrode of aluminium, obtaining values 
of 20-200 picofarads. Inductors have to 
be. made from a spiral-shaped pattern 
and only small values below 10 micro¬ 
henries are possible, which nevertheless 
find applications in many radin-fer- 
cpiency circuits operating between 10 
and 100 megacycles a second. All the 
components so produced have good 
tolerance (five per cent), high stability 
and a low temperature coefficient (less 
limn 0.2 per cent per degree centigrade), 
i.e„ they can be classed ns 'high quality.' 

Active devices for incorporation in 
thin-film circuits are either normal 
transistors encapsulated in small cans 
(0.125 in. diameter) or arc specially 
constructed to have the three electrode 
connections on the same face, so that 
the chip (a ‘flip-chip’) can be mounted 
directly on to a suitably prepared re¬ 
gion o fthe TFC using automated 
assembly. Much experimental work is 
in progress to produce the active de¬ 
vices directly by thin-film techniques, 
but this is not yet a commercial pro¬ 
position. 

The final substrate, complete with any 
added components and active devices, 
can either be encapsulated on its own 
to form a flat-pack with leads spaced 
around the edges, or combined with 
other prepared ’ substrates to form a 
packaged module, equivalent to per¬ 
haps 500 or more conventional corn- 


laments. in a few cubic inches, 

Another recent development intro- 
duces ‘thick* films instead of thin ones, 
utilizing .screen printing techniques to 
produce the required pattern. The de¬ 
gree uf control is not as high as in the 
vacuum process', hut it .should be more 
economical for small quantities as the 
complicated vacuum equipment is not 
required. 

Solid (Hindi Tcclmolo/ry 

The semiconductor (or silicon) inte¬ 
grated circuit, or 'solid* circuit, is truly 
integrated in the sense that both tire 
active and passive devices art! manu¬ 
factured from a silicon wafer by diffu¬ 
sion processes developed from those 
used in the* manufacture of planar epi¬ 
taxial transistors. This method has, over 
the 1 past few years, become the most 
satisfactory way of making high-fre- 
qneney low-power transistors at an eco¬ 
nomic price, and as the physical dimen¬ 
sions of these must be small to obtain 
the good frequency response, they are 
manufactured in a large number (possi¬ 
bly 200 or more) on a single wafer of 
silicon a few square inches in area, be¬ 
fore being separated for selection and 
encapsulation. The tenn ‘planar’, or 
surface passivation refers to the use of 
a chemical film layer (silicon oxide) 
over the surface of the semiconductor 
material to provide electrical and chemi¬ 
cal stability; diffusion is allowed to take 
place only at selected areas via holes 
etched in this surface, Epitaxial growth 
is used to provide a layer of high- 
resistivity silicon at the active surface 
of a low-resistivity wafer, the transis¬ 
tor junctions being grown in this region, 
giving an improvement in both high- 
frequency and switching performance. 
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The planar process involves. 

1. Preparation of the surface of the 
silicon substrate, about 0.015 in. thick. 

2. Oxidation of the surface layer to 
silicon dioxide, by passing steam over 
the heated wafer, 

3. The formation of suitable holes in 
this protective layer by photo-engrav¬ 
ing, using masks, photo-resist and etch¬ 
ing as for thin-film cucuits, except that 
the photo-negative now carries multiple 
images to prepare a large number of 
devices at a single exposure. 

4. Diffusion of a suitable doping 
mateiial from a gas into the heated 
substiate. 

5. A repetition of the above via dif¬ 
ferent masks and using diffeient dop¬ 
ing material to form the various active 
regions, finally adding the contact areas. 

The production of integiated dicuils 
simply involves the substitution of re¬ 
gions of suitable dimensions to act as 
resistors, conductors and capacitors con¬ 
nected between adjoining transistois and 
diodes. No large changes in techniques 
aie involved, but considerable ingenuity 
can be employed in the layout to obtain 
suitable bridges for cross-connections, 
and to isolate adjoining active legions, 
A typical strip prepaied for a resistoi 
will have a sheet lesistance of 100 
ohms/squaie, of a similar older to that 
of a thin-film resistive layer, so geome¬ 
tric dimensions are similai. Widths 
may be as low as 0.5 to two thousandths 
of an inch, but the best tolerance 
obtainable is 20 per cent, and the 
theimal sensitivity of the silicon leads 
to temperature co-efficients of 0.1 per 
cent per degree centigrade, or about 
ten times that of thin films. 

The monolithic silicon circuit, with all 
its active components on the same 


wafer, suffcis the disadvantage of poor 
isolation between legions because it is 
not possible to obtain very high values 
of resistance, and fheie is a basic capa- 
citative coupling inherent, in the .semi¬ 
conductor junctions formed m the pro¬ 
cesses. Imporved isolation can he 
obtained by intioducing regions of 
dielectric between the active devices', 
but in many cases it is better to cut tlio 
original wafer into individual chips, re¬ 
mounting those on a passive substrate. 
This entails additional intciconnoctions, 
thereby throwing away one of the ad¬ 
vantages of solid circuits, but if this 
penalty is accepted then the hybrid 
ciicuil results. The most desirable fea¬ 
tures of the two techniques can then 
be combined, coupling the high-quality 
components of the thin-film circuit will) 
the cheaper, less precise blocks of the 
solid circuit. 

Reliability and Economics 

The lehability of a conventional ele¬ 
ctronic system is all too often ralliei 
poor when it contains tens of thousands 
of passive and active components and 
hundreds of thousands of joints, whe¬ 
ther they are formed by soldering, weld¬ 
ing or wrapping, To eliminate many of 
the joints, produce all your components 
under identical conditions of high chemi¬ 
cal cleanliness from ulIra-pure materials, 
encapsulate them to avoid atmospheric 
contamination and finally make them all 
so light that mechanical shock imposes 
only the minimum of vibrational foices 
—and the main causes of unreliability 
must disappear. Miciocircuils do just 
these things, and the reliability of equip¬ 
ment using them can he expected to bo 
superior to that obtained from conven¬ 
tional circuits, although this point obvi- 
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ously takes lime to prove. 

Unless the application is such that 
the advantages of small volume and low 
weight outweigh all other considera¬ 
tions, microcircuits of any type arc only 
justified economically if large enough 
quantities of similar types can be pro¬ 
duced. Such production runs arc the 
dreams of every manufacturer. They 
can he obtained most easily in the con¬ 
struction of digital-type equipment, 
which utilizes large number of identi¬ 
cal logic circuits. Hence, ranges of 
these are available from many manu¬ 
facturers, at prices not greatly in ex¬ 
cess of the cost of construction from 
individual components, For amplifier- 
type circuits, some basic combinations 
are available at similar prices, hut it 
becomes difficult to specify circuits 
which are basic enough to be made in 
the large numbers necessary for econo¬ 
mic production. 

The employment of integrated circuits 
of any type leads to a problem of sys¬ 
tem design rather than one of circuit 
design, which has been the traditional 
approach of the circuit engineer until 
the past few years, The customer who 
buys the modules from the shelf is no 
longer concerned with the correct ad¬ 
justment of the condition of individual 
transistors, his prime job now being to 
ensure the correct matching of one 
module to the next, adding external 
components where necessary to evolve 


u system which satisfies the desired 
specification. An engineer concerned 
with manufacturing the devices meets 
an even greater challenge: his circuit 
design must now he integrated, quite 
literally, with fabrication techniques, 
The last few years have seen the in¬ 
troduction of several new British com¬ 
puters using integrated circuits in quan¬ 
tity, some using imported devices while 
others are manufactured completely in 
this country. The makers of micro¬ 
circuits are busy producing cost graphs 
showing optimistic projections into the 
nineteen-seventies when it is anticipated 
that the cost per unit will be consider¬ 
ably less than that today. At the pre¬ 
sent time the economic advantage aris¬ 
ing from their use is only marginal. 
This is essentially an evaluation period 
for the equipment manufacturer on the 
commercial side and for service users 
on theirs, for testing the claims of the 
producers, particularly the all-important 
reliability aspect, and for matching the 
economics of using the devices at their 
present cost against the moie traditional 
manufacture from individual com¬ 
ponents. 

There is every indication that the 
claims will be substantiated, and that 
better and cheaper equipment of many 
categories will result, in which case in¬ 
tegrated circuits will become the ac¬ 
cepted technique for use in any equip¬ 
ment in quantity production. 
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r pHE main objectives of teaching 
science subjects at the school stage 
are to give pupils systematized know¬ 
ledge of the bases of science, to en¬ 
sure that they compiehend scientific 
facts m the light of modern theories, 
to develop in them certain experi¬ 
mental and manipulative skills, and to 
enable them to acquire a scientific 
outlook. The UNESCO Expei imental 
Project therefore attaches great im¬ 
portance not only to the proper selec¬ 
tion of material (content of teaching), 
but also to the choice of teaching 
methods for achieving these objectives. 

A lesson in any science subject may 
be taught by any one of the different 


methods of teaching discussed below 
or by a combination of two or more of 
these methods. 

Let us examine the various methods 
of teaching and their classification and 
consider their use according to the 
specific character of the contents of the 
school subject. 

Methods of Teaching and their 
Classification 

The word 'method’ in Latin means 
mode’ or way’. This word may ex¬ 
press various meanings. In pedago¬ 
gics it means the method by which the 
mateiial to be taught is communicated 
from the teacher to the pupil. 

The teaching methodology of a sub¬ 
ject is a pedagogic science and it is 
closely interwoven with the content of 
the subject. In teaching a science sub¬ 
ject, the following problems are in¬ 
volved: Why do we teach? (aim and 
tasks of education in that subject); 
What do wc teach? (content of the 
subject); In what way do we teach? 
(methods of teaching and organization 
of the school programme); How do 
children study? (the process of learn¬ 
ing). 

Hence the problem of methods is of 
great importance. 

Methods of teaching may be defined 
as the methods by which the teachers 
impart knowledge and skills while 
leaching, and the pupils comprehend 
the knowledge and acquire the skills 
in the process of learning, 

This definition emphasizes the fact 
that the process of teaching is a two- 
way process and is composed of teach¬ 
ing (teacher’s activities) and learning 
(pupil’s activities). There exist several 
methods of teaching and they need 
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classification. They may be classified in 
the following giotips: 

I. Verbal methods (narration, lec¬ 
tures, talk etc,), 

II. Methods employing visual aids 
in teaching (observations, the de¬ 
monstrating of charts, films, 
slides, models etc. by the tea¬ 
cher). 

III. Methods of practical teaching 
(laboratory experiments, labora¬ 
tory work, preparation of appara¬ 
tus and models etc,). 

Pedagogic research convincingly 
proves that we can not exclude any 
one of them, and that all the three 
groups of methods of teaching are to 
bo used in combination. Still we 
choose one of them as the main method 
in a lesson. If the pupils react quickly 
to an object then the teacher uses the 
practical methods. If it is enough to 
demonstrate an object or its image, the 
teacher chooses observation methods. 
Let us discuss each of these methods 
in details. 

I. Verbal Methods. 

The 'word’ is one of the main sour¬ 
ces of knowledge, The teachers and 
pupils widely use oral and written 
speech in the process of teaching and 
studying science subject. A word, utter¬ 
ed and heard, really gives an abstract 
concept. According to Pavlov, the 
Academician, "word being so charac¬ 
teristic of man is already abstract in 
itself”. 

But one should not confuse verbal 
methods with verbal teaching, By 
‘verbal teaching’ we mean such a me¬ 
thod of teaching in which no other 
methods but oral are employed (tea¬ 
cher’s narration and pupils’ reaction), 


Oral methods of teaching differ from 
‘Verbal Teaching’ since they are used in 
combination with other methods. 

We distinguish the following forms of 
the oral method of teaching: 

3. Narration. 

2. Lecture. 

3. Talk. 

4. Work at a book. 

1 6 2. Narration and Lecture: They 
envisage one-sided delivery of material 
by the. teacher or pupil, The term 
‘narration’ is applied to the act of des¬ 
cribing objects, explaining the essence 
of phenomena and the processes. It 
makes pupils comprehend the new 
material systematically. For example, 
narration may he adopted when the 
teacher wants to tell pupils about the 
structure and functions of a certain 
system of organs in biology. In this case 
the pupils actively listen to the teacher, 
visually comprehend the demonstra¬ 
tions, and make drawings and sketches. 
By active listening, is meant pupils’ 
concentrated attention, their ability to 
give correct answers to questions put 
by the teacher in the course of the less¬ 
on, and to express their opinion etc. 

Verbal narration, as a rule, contains: 
introduction, narration itself and con¬ 
clusion. Introduction aims at motiva¬ 
tion, brings in the aim of narration and 
attracts the pupils’ attention. Then 
comes the narration of tire new material 
in right sequence, Tire conclusion 
should be aimed at generalization and 
systematization of tire introduced mat¬ 
erial. The teacher’s narration should 
be simple for pupils’ comprehension, 
With this aim in view, the teacher 
should report in clear and distinct ex¬ 
pressions avoiding a large number oi 
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special or technical terms. It is neces¬ 
sary that the new mateiial should be 
correlated with the previous one, al¬ 
ready known to pupils from previous 
lessons or their life experience. For 
example, in class VII while introducing 
‘oxygen’ the teacher refers to the 
knowledge already accumulated by 
pupils, and reminds them of the ex¬ 
periment of heating mercuric oxide 
and the liberation of oxygen. He tells 
them that the Swedish Scientist Seheele 
for the first time obtained oxygen in 
1771. Later on, the same experiment 
was repeated by the English chemist 
Pnestley, and then the French scientist 
A. Lavoisier who studied the properties 
to this substance and named it oxyge- 
nium-oxygen. Then one may narrate the 
chemical properties of oxygen. 

Thus pursuing the principle of com¬ 
bining teachers’ word with the demons¬ 
tration of a phenomenon, a natural 
object, or its model, it may be 
emphasized that the teacher’s narration 
should be closely interwoven with 
visual aids, demonstrations and labora¬ 
tory experiments. A pure lecture is 
very larely used in teaching science in 
school. A lecture is characterized by 
more complicated contents and is 
usually applicable to the senior classes 
(IX-XI). 

In general, a lecture has much in 
common with narration. It should how¬ 
ever be illustrated by visual aids, de¬ 
monstrations, laboratory experiments, 
films etc. A school lecture comprises 
complicated generalizing material of 
theoretical character (for example, val¬ 
ency of elements based on the theory 
of the structure of atoms in chemistry, 
theories of evolution in biology. Law 
of conservation and transformation of 


energy in physics). It may be devoted 
to a description of the scientific activ¬ 
ity of an outstanding scientist (for 
example, D.I. Mendeleyev’s discoveiy 
of the Periodic law in chemistry, 
Dai win’s contribution to biology). 

The following important require¬ 
ments of narration and lecture should 
be kept in mind. 

1. Figuiativeness, vividness, pic¬ 
turesqueness of delivering. 

2. Sequence of ideas m explaining 
the main problem. 

3. Validity of concepts and ideas by 
examples and facts, making con¬ 
clusions, summarizing, 

The pupils should be taught to 
deliver narrations and lectures to their 
classmates. 

But both narration and Icctm e arc 
always used only in combination with 
the other methods. During a narration 
oi a lecture, the teacher should demon¬ 
strate experiments, show models, charts, 
natural objects etc. This is the correct 
way from the point of view of methods 
of teaching. 

3. Talk: Pupils activity is high 
when the introduction of new material 
is brought about with the help of an¬ 
other type of verbal method, a talk, 
which envisages a sequence of well 
thought-out questions, put to pupils 
during the leaching piocess. 

Talk may be delivered at a lesson- 
in case: 

(i) It is possible to lefer to the pre¬ 
viously received knowledge. 

(ii) It is possible to refer to pupils’ 
life experience. 

(lii) The teacher is demonstrating an 
object. 

In most cases a talk is addressed to 
the whole class, which acts as a collec- 
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tive interlocutor. In a talk one can Pupils: The seed is covered by coat, 
witness pupil's active participation. It consists of two cotyledons, has a 


Talks may be of several kinds. From 
the point of view of pedagogy, an "heu¬ 
ristic" talk which makes pupils draw 
conclusion from available data, is very 
valuable. Similarly while generalizing 
and systematizing pupils’ knowledge 
‘generalizing talk’ and while checking 
and estimating pupils’ knowledge ‘con¬ 
trol talk” may be employed. The aim 
determines the, type of talk. But strict¬ 
ly speaking one can not bo differentiat¬ 
ed from the other. Thus heuristic talk 
envisages a system of questions answer¬ 
ing which the. pupils themselves come 
to comprehending chemical or physical 
phenomena and to certain conclusions. 
Heuristic talk is extremely useful when 
the material has accumulated reason¬ 
ings. 

Suppose the teacher delivers a talk 
on the morphology of a bean seed (VI 
class botany). AH die pupils are given 
bean seeds, after that the teacher asks, 
—What is it that covers a seed? 

Pupils: Coat, peel, veil etc. (die 
teacher chooses the correct answer.) 
Teacher: What is the colour of the 
bean seed? 

Pupils: Brown, black etc. 

Teacher: What appears when the 
coat is peeled off? 

Pupils: Two halves. 

Teacher: These are two cotyledons; 
move them apart, what is there between 
them? 

Pupils: Leaves, bud, rootlet, tendril. 

Teacher: Examine through a magni¬ 
fying glass and find out to what is the 
bud attached, 

Pupils: To a stem. 

Teacher: What is the structure of 
the bean, seed? 


rootlet, bud and stem. 

Now the teacher asks the pupils to 
write down their conclusion and to 
sketch the structure of the bean seed, 
For the sake of recapitulation the tea¬ 
cher may ask pupils to enumemte and 
show on a chart the parts of the seed, 
This talk is closely interwoven with 
practical work. 

A talk may he based on the demon¬ 
stration of an experiment, a chart etc, 
The teacher should always take care to 
ask the correct questions in right sequ¬ 
ence. Having estimated the answers, 
ho should he able to compose new 
ones, 

Generalizing talk summarizes, syste¬ 
matizes and consolidates pupil’s know¬ 
ledge. For example at the end of the 
lesson 'Molecular structure of sub¬ 
stances’ (VII class chemistry) the tea¬ 
cher puts the following questions 
serially: 

(1) What experiments can prove that 
a substance is composed of very 
very tiny particles? 

(2) How can it he proved that mole¬ 
cules arc always in motion? 

(3) What is diffusion? Give some 
examples. 

(4) Explain what happens: when ex¬ 
posed water evaporates in a tray, 
or smell of spilled benzene 
spreads. 

From die very first lesson pupils 
should gel accustomed to the idea that 
all the material introduced by teacher 
should be understood during the lesson. 
This load need not be shifted to home- 
task. At home pupils have only to 
consolidate the material read by them 
in the text book. 
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The consecutive realization of this 
requirement will result in the active 
participation of pupils in the teaching 
process. 

4. Work at a Book: Developing 
pupils’ ability to work at a text and 
picture must become a part of the pro¬ 
cess of teaching. They should be able 
to work at a book not only in school, 
but at home as well. 

It is important that the teacher 
should organize a variety of work at a 
text-book for pupils. 

(i) Retelling of the text: This method 
is often resorted to at school. It helps 
pupils consciously compiehend the con¬ 
tents of the theme, promote their 
speech and thinking. Retelling of a 
text should begin with most easy mat¬ 
erial (e.g. monographic description of 
a plant, its application, characteristics, 
structure of its parts,) 

(ii) Explanation of pictures and ske¬ 
tches: This type of work envisages. 

Pupils’ enumerating the parts, for ex¬ 
ample, of a seed (all the labellings 
should be coveied with a piece of 
paper); checking of the fulfilled task; 
describing the outer structure of a tree 
from its picture; detecting by schemes 
the corresponding pictures of flowers 
etc. 

(iii) Answering questions: The tea¬ 
cher may resort to die questions given 
at the end of each paragraph or frame 
his own questions. Teachers’ putting 
questions on the text and pupils’ 
answering them are very useful. 

(iv) Working out of a plan to the 
text. The teacher employs this method 
when pupils work at a complicated 
text, embracing a number of difficult 
problems (e.g,, composition and pro¬ 
perties of soil; types of stems; types of 


vegetative reproduction). A plan may 
be composed by pupils to the para¬ 
graphs dealing with generalization and 
deduction, 

(v) Looking for some additional facts: 
e.g. pupils may refer to monocotyledo- 
nous and dicotyledonous or to plants 
having different type of roots, 

(vi) Coirducting of an experiment or 
observation according to the textbook: 
Textbook instructions and tasks help 
pupils mtcgiate and comprehend theory 
and experiment. Tlius, pupils may 
conduct experiments showing the im- 
poitance of water and air in seed ger¬ 
mination; evaporation of water from 
leaves; results of root grafting; forming 
of the crown of a tree, 

Work at a textbook is closely inter¬ 
woven with pupils’ work at his notes. 
Pupils may pieparc notes and sketches 
m their biology note-book not only dur¬ 
ing tho lessons, but at homo as well. 
Such notes and sketches may be on: 

1. Writing down of the syllabus 
and lesson themes: 

2. Writing down of the plan of tho 
lesson and sequence of main pro¬ 
blems: 

3. Writing down of hometask. 

4. Writing down of deductions and 
conclusions: 

5. Composing of comparative sche¬ 
mes and classification charts. 

6. Sketching of the schemes for 
setting an experiment; fixation 
of the results of an experiment. 

7. Writing down of independent 
work; book review etc. 

It should be always kept in mind 
that pure verbal methods lead to 
pupils’ memorizing words without cor¬ 
rect and concrete visualization and 
comprehension of objects and pheno- 
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mcna described by the words. To 
achieve a correct forming of ideas and 
notions it is necessary to combine vei- 
bal methods with illustrations and de¬ 
monstrations, visual aids and practical 
woiks and experiments. 

II. Methods Employing Visual Aids in 
Teaching 

The demonstration of objects by 
teacher is widely used in leaching a 
science subject. The methods of obser¬ 
vation are of utmost significance in this 
method. 

Observations 

Demonstration of objects and pheno¬ 
mena, charts, drawings, models etc. 
must he widely used in a lesson. This 
helps pupils comprehend the introduced 
material correctly and profoundly. 
Methods of observation arc based on 
the combination of word and image, 

A folk proverb runs: “To show once 
is better than to narrate ten times". 
Methods of observing envisage inter¬ 
weaving forms of activities, demonstra¬ 
tion by teacher and comprehension 
(observation) by pupils. Hence, while 
using methods of observing one should 
stress the unity of teaching and learn¬ 
ing. 

There exist three forms of their 
combination. 

1. Image before word. 

2. Word before image. 

3. Word and image interwoven. 
Psychological research has proved 

the first and especially tire last forms 
being most effective from the point of 
view of pedagogics. 

The uses of visual aids should satisfy 
the following mam requirements; 

(a) A demonstrated object or its ex¬ 
pression on a chart should be well 


observed by all the pupils. 
Therefore its dimensions or scale 
should be taken into considera¬ 
tion. 

(b) Small objects and chemicals 
should be distributed among 
pupils or shown by teacher to 
each of the pupils. 

(c) During demonstration pupils 
should have in front of them only 
the necessary visual aids. 

(d) Diagrams of processes of pro¬ 
duction facilitate the formation of 
pupils' concepts only when they 
focus their attention on the main 
and substantial problems from the 
point of view of studying general 
principles of technological pro¬ 
duction. In building up concepts 
of industrial processes models of 
typical apparatus are of great aid. 
They may be made of various 
material: plywood, paper, tin etc, 
A model should be made of the 
disassembling type, giving an 
idea of the outwaid appearance 
and the inner structure of an app¬ 
aratus. While making models 
one should keep in mind the scale 
and general diagrams of processes 
of production and of apparatus. 
Models may be made by pupils 
during the Science-club activi¬ 
ties. 

The four means of observation are 

through; 

(i) Demonstration of natural objects; 

(ii) Demonstration of charts and 
models; 

(iii) Chalk drawing; 

(iv) Demonstration of slides and 
films, 

Let us now examine all these forms, 

1. Demonstration of natural objects: 
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Pupils’ knowledge of science is incom¬ 
plete and foimal, if they are not ac¬ 
quainted with the environment of the 
theme. The teacher should demonstrate 
during lessons, natural objects, (for ex¬ 
ample plants and animals in biology, 
natural gases and ores in chemistry). 
This facilitates study of nature m its 
natural forms. 

It is very important that a complete 
observation of the appearance of live 
objects be arranged for the study of the 
properties and features. Animals that 
cannot be observed in real life should 
be shown as dead specimens (e.g. in 
museums). 

Demonstration of natural objects 
louses great interest in pupils, im¬ 
presses them and promotes the 
building of a sound knowledge. The 
teacher should always plan beforehand 
the chain of questions for a talk with 
the class that is being conducted on 
the basis of obseivation of live objects. 
Small objects (e.g., plants) should be 
distributed among pupils for study ac¬ 
cording to certain instructions, Almost 
at each lesson, the teacher.) should de¬ 
monstrate natural but not necessarily 
live objects (herbariums, stuffed ani¬ 
mals, skeletons, collections, chemical 
substances, physical apparatus etc.) It 
is very useful to distribute these ob¬ 
jects among pupils, to outline the aims 
of observation, to give questions for 
answering and to draw conclusions out 
of the analysis of the facts accumulated 
in observing objects. 

Obseivation as an independent me¬ 
thod is used in studying physical and 
chemical properties of substances and 
industrial processes. For correct des¬ 
cription and memorization of the pro-' 
perties of substances and their correct 


visualization, it is necessaiy to demons- 
liate substances both in their natural 
state and in the slate we often see them 
in our every-day life. Solid crystalline 
substances should be first demonstrated 
in tlieir solid and crystalline stale, and 
not as solutions; while liquids should 
be first shown as liquid. When pupils 
are acquainted with the solid and crys¬ 
talline state of a substance, its solutions 
may be used. Such a successive intro¬ 
duction of substances helps us avoid 
errois like ‘blue vitriol is a blue liquid’, 
‘caustic soda is a colourless liquid’. 

Experience shows that due to incom¬ 
plete or imperfect instructions, the 
pupils comprehend and describe physi¬ 
cal pioperties of substances in a wrong 
way, paying great attention to only one 
particular pioperty. Pupils often say 
that sulphur is yellow, but seldom 
speak of its aggregate state; that sugar 
is sweet—but do not mention that it is 
eiystalline, A teacher should teach 
pupils how to observe correctly and 
describe their own observations. Willi 
this puiposc m view the teacher should 
map out the plan of observation to can¬ 
alize the comprehension of the new 
material. 

The difference in comprehension and 
description of the properties of substan¬ 
ces by one and the same pupil before 
and after his getting acquainted with 
the methods of observation can thus bo 
seen (in both cases it is assumed that 
he has got a set of the necessary subs¬ 
tances and equipment). 

1. Before his getting acquainted 
with tlie methods of observation: 
Sulphur is a yellow substance of 
a certain shape. 

2. After his getting acquainted with 
the methods of observation: Sul- 
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phur is a yellow solied, brittle and 
a crystalline substance. Crystals of 
sulphur sink in water, while as powder 
it floats on the surface. Sulphur does 
not dissolve in water. Sulphur slightly 
smells. On heating for sometime, it 
melts. 

Observation is often very closely 
inter-woven with practical methods. 

2. Demonstration of charts and models: 
If it is not possible to demonstrate 
natural objects, the teacher should resort 
to visual aids. Charts, models etc., are 
used in combination with demonstra¬ 
tion of natural objects. A model or a 
chart emphasizes some phenomenon or 
property, thus facilitating its detailed 
study and comparison with the natural 
object, 

For example, we may take a model 
or a chart of (lie morphology of a flower 
and its parts, a dissection of a frog’s 
heart and a model of a heart; a stoma 
under a microscope and a model of the 
action of llie cells of a stoma, the 
charts and models of plants of indus¬ 
trial productions in chemistry. Appre¬ 
ciation must be developed in models 
about die comparative size of the 
model and the actual size of the speci¬ 
mens or objects. The effectiveness of a 
chart depends on the emphasis on cer¬ 
tain points that are needed for develop¬ 
ing the lesson. 

3. Chalk drawing is widely used in the 
process of introducing new material or 
recapitulation. It focuses pupils’ atten¬ 
tion on tire main features and promotes 
building up of spatial ideas, A drawing 
must be simple, expressive, legible to 
single out the most significant features 
of an object, A drawing on the black¬ 
board should appear simultaneously 
with explanation or oral introduction. 


For example: A schematic drawing of 
the structure of a cell may appear little 
by little simultaneously with the main 
features. To complete the drawing, 
teacher should label the, parts of the 
cell. 

Drawing may lm: (i) symbolic, (ii) 
schematic and (iii) realistic. 

The teacher should use coloured 
chalk to distinguish parts of an object. 
All labels should he neatly given. Pupils 
should start copying into their copy¬ 
book after the teacher finishes sketching 
and explaining the new material. 

4. Demonstration of slides and' films: 
Slides and films reproduce nature, faci¬ 
litate comprehension of material irres¬ 
pective of place and time and portray 
the dynamics of the phenomena. They 
bring tilings in the classroom, which 
cannot be seen or visited by pupils per¬ 
sonally. 

It should be emphasized here that a 
film should be always subordinated to 
tlie contents of a lesson. Befoie pro¬ 
jecting a film, the teacher should assign 
some task and if necessary give short 
explanations while projecting a film; 
discuss the projected material (talk, nar¬ 
ration, new examples, written answers). 

It is advisable to project films by frag¬ 
ments. It helps teacher check pupils’ 
comprehension of the film, locate the 
most difficult problems, introduce com¬ 
plicated concepts by parts, Having re¬ 
viewed a part, the teacher conducts a 
talk, the pupils make sketches and ob¬ 
serve other demonstrations, Thus, pro¬ 
jection of film is closely interwoven 
with other auxiliary methods. Films are 
used as accessory study material but 
not as independent ones. 
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III Practical Methods 

Visual aids display to a certain 
extent the properties of objects and phe¬ 
nomena but they cannot be employed 
to change these properties and pheno¬ 
mena. 

Practical methods bring the pupils 
close to the object of comprehension. 
Practical methods envisage conducting 
experiments, observations and labora¬ 
tory work. Experiment and observation 
as methods of teaching, are specially 
good for revealing scientifically a sci¬ 
ence concept e g., absorption of water 
by root, photosynthesis, physical and 
physiological phenomena. 

Experiment if not utilized properly 
as a method of teaching can not help 
the pupils in comprehending a. scien¬ 
tific topic. For example; die compre¬ 
hension of physiology is closely inter¬ 
woven with the comprehension of the 
structure of organs, evolution, develop¬ 
ment of organism etc. as well as com¬ 
prehension of chemistry is closely inter¬ 
woven with the comprehension of the 
atom molecular theory and structure of 
matter. 

When experiments constitute the 
basis of teaching in chemistry, physics 
and biology, the knowledge of pupils 
becomes concrete. School experiment 
is not only one of the most significant 
sources of acquiring knowledge and 
practical skills but also it enables pupils 
to get accustomed to controlling chemi¬ 
cal reactions, physical phenomena and 
logical processes, and get convinced of 
the cognisability of natural phenomena. 

There may be three kinds of school 
experiments; 

(i) demonstration experiment (ii) 
laboratory experiment, conducted by 
pupils while teacher is introducing new 


material, (lii) laboratoiy woik. 

The fulfilment of all the experiments 
given in a syllabus is obligatory. The 
list of the experiments need not neces¬ 
sarily be divided into demonstration or 
laboratory experiment. This is up to 
the teacher to decide, That is why a 
demonstration experiment is included 
in practical methods of teaching. 

The volume of practical work includ¬ 
es not only experiment done by pupils 
under teacher’s instruction, but also ex¬ 
perimental tasks (preparation and ex¬ 
traction of substances, identification of 
substances and proof of their composi¬ 
tion). Wherever possible maximum at¬ 
tention should be paid to atLach investi¬ 
gatory character to an experiment. 

Demonstration experiment: Two main 
forms of demonstrations may be distin¬ 
guished: an lllustiative demonstration 
and a scientific research demonstration, 

An lllustiative demonstration is pre¬ 
ceded by the theoretical introduction 
of problems of the lesson, The experi¬ 
ment that follows it usually illustrates 
the information. For example a che¬ 
mical reaction, represents a practical 
proof of their correctness. 

The peculiarity of the research form 
of demonstration lies in pupils getting 
at the lesson a concrete cognitive pro¬ 
blem, to be solved on the basis of their 
own obseivations. First, the teacher 
himself or 1-2 pupils with the teacher’s 
help prepare whatever is necessary for 
can-ying out the experiment. Each 
pupil takes an active, part in observa¬ 
tion, examines the device of the appa¬ 
ratus, describes the properties of the 
given substances. The teacher controls 
the discussion, focuses pupils’ attention 
on the experiment. It is very important 
that the teacher should train pupils to 
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pay attention to the conditions in which 
the experiment is carried out (heating, 
cooling etc). Singling out of many 
other phenomena is the essence of the 
experiment. Suppose, the teacher throws 
a piece of sodium on to water without 
instructing pupils, the only thing they 
sec, will he a ball running on the sur¬ 
face of water. It amuses them, but most 
important in this case is tire cause of 
the phenomenon and tire reaction itself. 
After completing an experiment, 
pupils with the help of their teacher 
analyse their own observations and 
draw their own conclusions: Whether 
there exists any link between substan¬ 
ces and phenomena (heating, burning 
explosion etc,), whether there takes 
place any chemical reaction from the 
point of view of the atom-molccular 
theory, and at secondary school, from 
the point of view of ionic, electronic or 
structural theories, and finally work out 
the equation of the reaction. Tlius 
pupils obtain the knowledge of chemical 
reaction by means of research form of 
chemical experiment, get interested in 
chemistry as science and get accustom¬ 
ed to logical thinking. 

Demonstration experiment must be 
convincing, distinct and simple, but all 
this depends on the methods of carry¬ 
ing out experiment. In this respect the 
combination of word and action is of 
utmost significance. Suppose while ex¬ 
plaining the action of acids on indica¬ 
tors, the teacher asserts that litmus is 
reddened by the action of acid, but in¬ 
stead of adding acid to litmus, adds lit¬ 
mus to acid. This wrong action in de¬ 
monstration influences minds to a grea¬ 
ter extent than the correct word. In 
this case pupils get a wrong idea and 
assert that the reddening of the acid is 


affected by litmus. It does not mean 
at all that the teacher against tradition 
must always add acid or alkali to indi¬ 
cator. But while introducing this mate¬ 
rial for the first time, the teacher must 
nc:t like this, 

It should be mentioned as well that 
the success of any experiment greatly 
depends on its duration. At middle 
school wherever possible experiments 
must not last long, as children are im¬ 
patient to see tire results of the experi¬ 
ment. At secondary school, experiments 
can be more complicated and of longer 
duration. 

Laboratory Work 

It is mostly carried out to complete 
each theme or part of the syllabus and 
is of great significance for repeating or 
drilling the introduced material to en¬ 
rich pupils in new observations and 
habits of independent work. 

There are also two ways of using 
laboratory work at school (i) illustra¬ 
tive, (ii) investigatory, In the first case 
a laboratory work proves or illustrates 
an already known idea, rules or laws. 
For example, the teacher says at the 
lesson of botany: let us observe that 
seeds contain water. 

In the second ease teacher says: let 
us find out what substances the seeds 
contain, Let us heat them. What is 
seen on the cooler parts of die test-tube 
walls? 

Answer: drops of water 
What do seeds contain? Answer: Water 
Thus illustrative experiment only pro¬ 
ves the introduced material, while the 
investigatory one leads to pupils' active 
participation in the study process. That 
is why such an experiment is to be 
preferred. Some suggested experiments 
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are given below: 

1, Experiment: Evaporation of water 
from leaves. 

(i) Control. Water with a film of 
oil on its surface. 

(n) Water without oil on its surface. 

(lii) Water with oil on its surface and 
a twig with leaves. 

Deduction, Water evaporates from 
leaves. 

2. Experiment based on cutting off 
the root, (a) Control, the end of the 
root is pieserved. (b) The end of the 
loot is cut. 

Deduction. Cutting off the end of the 
mam root results in the development of 
lateial loots. 

The results of the experiment should 
be recoided in the form of a sketch, 
collection, heibarium, diagiam etc. 

For another example from chemistry, 
tieat some substances with water. 
Pupils come to a certain conclusion 
that some substances get well oi poorly 
dissolved, others are not dissolved at 
all. The solubility of some substances 
increases much upon a use in tempeia- 
lure while the solubility of others 
changes only slightly. 

Noimally laboratory work under the 
guidance of a teacher is carried out by 
small groups of 2-4 pupils conducting 
the same experiments. The teacher 
gives instiuctions on the aim of the 
laboratory work. While instructing, 
the teacher not only gives explanations 
but also makes drawings of apparatus 
demonstrating ceitam manipulations 
with them Sometimes the teacher puts 
a number of questions to pupils who 
after completing the laboratory work 
answers them. 

Experiments which are more compli¬ 
cated are carried out in steps. For 


example, suppose the laboratoiy work 
is on the preparation of iron sulphide. 
In this expcinnent pupils get fust con¬ 
vinced that mixing of sulphur with iron 
gives no lesults. Now teacher proposes 
that the mixture should be heated to 
see if a chemical reaction occurs. The 
first pait of the laboratory work inclu¬ 
des measuring sulphur (3.5 gm) and iron 
(2 gm), mixing the powdeis in a mortar 
or on a sheet of paper until uniform 
mass is got. When all the groups of 
pupils get the same uniform mass, tea¬ 
cher asks pupils to throw a pinch of it 
into a glass of water and then shakes 
up the glass to piove that the mass pre¬ 
sents a mechanical mixture. Then 
teacher asks pupils to heat the mixLurc 
and to compare the original mixture 
with the product of the reaction going 
on in the test-tuhe. The teacher shows 
how to heat the mixtme and also ob¬ 
serve for the leaction, Then the flame 
is concentrated on the upper part of 
the imxluie until the beginning of the 
reaction is marked (there is no need to 
explain the character of these pheno¬ 
mena). Aftei that heating must be 
stopped and pupils watch the reaction 
going on in the test-tube. Now pupils 
stait carrying out the experiment. They 
see a lapid reaction taking place, the 
test-tube gets red-hot and may even 
crack. The mass is allowed to cool. 
The teacher discusses the results of the 
experiment. The teacher may ask 
pupils in what way they succeeded in 
heating the mass red-hot on a spirit 
lamp. It is found that the mass gets 
led-hot spontaneously and that the re¬ 
action is accompanied by emission 
of heat, Sometimes pupils assert that 
sulphur and iron get burnt. To explain 
the phenomenon it is necessary to exa- 
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mini* the product of Hir* experiment and 
to compare it with the mixture origi¬ 
nally taken. There is no need of cool¬ 
ing the .substance. The teacher pro¬ 
poses that the bottom of the, test-tube 
with the fused mass should be broken 
off into a mortar, cleared of the broken 
glasspieces, then part of it tested by 
magnet and another part mixed with 
water. Pupils now see that the chemi¬ 
cal reaction has - resulted in the forma¬ 
tion of some new substance. Senior 
pupils require less detailed instructions, 
After the experiment has been carried 
out, pupils should write immediately 
an account of it. The account should 
consist of a schematic drawing of the 
apparatus, observation and explanatory 
notes, answers to the questions given 


in the instruction and the conclu¬ 
sion. The account should be accurate, 
short and clear. The teacher systema¬ 
tically cheeks accounts, explains mis¬ 
takes and displays the best specimen of 
accounts. 

An analysis of the school experiments 
by the teacher can solve the task of the 
teacher. lie will be, able to combine 
verbal explanation and use of audio¬ 
visual methods with experimental work 
in training the pupils to get the right 
kind of knowledge. 

'Hie teacher will succeed in solving 
all the. tasks of training in case he em¬ 
ploys nil the types of school experiment 
in combination with verbal explanation 
and visual methods of teaching, 
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Classroom 

Experiments 


Experimental Demonstration 
on Momenta 

Asok Sinha, Bina Ghose and 
B. D, Nagchaudhum 


\ N investigation into the law of 
conservation of momentum can be 
worked out on the principle of pro¬ 
jectile motion. When a projectile 
moves in a parabolic path, the velocity 
of the projectile at any point in its path 
can be resolved into two components 
—horizontal and vertical. As particles 
projected from the same height with 
different horizontal velocities will take 
the same tune to fall to the floor, the 
horizontal distances they cover on the 
floor after fall will be proportional to 
their horizontal velocities. The air re¬ 
sistance in this case is neglected It does 


not contribute substantial errors if the 
balls are made of steel. If one spherical 
ball moving with an initial velocity 
collides with another ball of equal mass 
and size at a height, then the momen¬ 
tum will be shared between the balls. 
Their horizontal velocities can be cal¬ 
culated from the horizontal distances 
they cover on the flooi. Adding the 
values of these two velocities the initial 
velocity of the striking ball before col¬ 
lision can be calculated If M be the 
mass of a single ball, Vi be the hori¬ 
zontal velocity of the striking ball, v a 
that of the target ball and V be the 
initial velocity of the striking ball then 

Mvi-|-Mv2=MV or Vi-f-Vo=V 

Now by changing the angle of col¬ 
lision between the balls, the values of 
Vi and Va can also be changed. On 
measuring the values of Vi and v 2 , the 
initial velocity in each case can be cal¬ 
culated. If this initial velocity retains 
the same value in all such cases, this 
truth will justify the law of conserva¬ 
tion of momentum. 

The calculation can also be made by 
drawing the paiallelogram with the 
horizontal velocity vectors of both the 
striking and target balls and the angle 
of collision. The diagonal of the paral¬ 
lelogram will represent the resultant 
velocity. On changing the angles of 
collision, tire horizontal velocities will be 
changed but the value of the resultant 
velocity will be found to be the same 
always, 

V 2 =vi 2 -|-v a j +2v 1 v a cos 0 
where B is the angle of collision. 

An experimental demonstration on 
momentum on the above principle jg 
given in the PSSC Laboratory guide 
for physics. The apparatus designed in 
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our laboratory is a modified form of 
the above apparatus where the error 
due to friction is carefully eliminated. 
In P.S.vS.O. experiment, the. height of 
the tniget ball cannot he changed. The 
apparatus used in our laboratory con¬ 
sists of a metal plane, 10 ems in length 
with raised sides as shown in fig. 1. 
The bottom surface is sufficiently 
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Fig. 1 


polished to reduce friction, The plane 
is attached to a heavy base and proper 
arrangements are made to keep the 
plane at desired inclination. The plane 
with the base is then connected to a 
stand at a height of 25 to 30 cm. from 
the floor. The target ball rests on a 
screw tire tapering end of which has 
been removed. The sciew is kept in 
front of the inclined plane. Tire posi¬ 
tion of the screw can be altered in 
front of the inclined plane to change 


the angle of collision. There is also 
provision to change the vertical position 
of the screw. One plumb line hangs 
fiom the bottom of the screw to indi¬ 
cate the initial position of the target 
ball. In this apparatus the friction is 
reduced by using a polished metal 
plane. The height of the target hall 
from the floor can be changed and the 
velocity of the* striking ball can he 
changed without disturbing the position 
of the target ball. 

The apparatus is kept in a suitable 
place on the* floor. Four carbon sheets 
are placed on the floor with carbon side 
up so that both the* balls after collision 
will fall on the area covered by carbon 
papers. Now one large, white paper, 
60 cm. X 50 cm. is kept over the carbon 
papers. The target ball is placed on 
the screw and the position of the target 
ball on the white paper is noted from 
the tip of the plumb line. The striking 
hall having equal mass and same size 
is released from a height on the plane 
and both the balls will fall on the paper 
aftei collision. Positions of both the 
balls—striking and target arc noted 
carefully from the dots marked on the 
other surface of the paper. The dis¬ 
tance between two positions of the tar¬ 
get bnll will be proportional to its 
horizontal velocity. This distance is 
extended at the initial position of the 
target ball along the line by a length 
equal to the diameter of a single ball. 
The tip of this line indicates the posi¬ 
tion of the striking ball. This position 
is connected by a line to the final posi¬ 
tion of the striking ball and the angle 
between these two lines is the angle of 
collision. In Fig, 2, the angle of col¬ 
lision has been shown clearly. The 
vectors AB and CD represent horizontal 
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velocities of the striking and target balls 
respectively after collision, 


D 



Fig. 2 

The horizontal velocities of both the 
balls are added together in each ob¬ 
servation and the sum of these two 
vectors is the same in each case as ex¬ 
pected. This experiment can again be 
done by drawing a parallelogram. A 
parallelogram is now drawn with the 
vectois and the angle of collision as 
shown in Fig. 3. The resultant can be 


measured with a scale. On changing 
the angles of collision the values of the 
resultant can be measured in each case 
in the same way. If the value of the 
resultant comes out to be the same in 



all such observations it will prove that 
the law of conservation of momentum 
is substantially concct. 

The results obtained by us in a series 
of experiments are given below'; 


Mass of single ball = 174 gm 

Diameter of a single ball = 4.00 gm 


Vi 

V 2 

U=vj+v a 

ANGLE OF 
COLLISION 
0 

V CALCULATED 
FROM THE 

parallhogram 

12.1 

18 

30.1 

50° 

27.4 

13.2 

18 

31.2 

48° 

29 

13.3 

19 4 

32.4 

45° 

30.2 

12.4 

18.4 

30.8 

50“ 

28.6 

13.3 

18.7 

32.0 

58” 

28.3 

11.2 

18 

29.2 

39” 

27.8 

12 1 

18 5 

30 6 

32“ 

29.4 

11.2 

19 

30.2 

•y O 

30.1 


8 
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In tin* above observations the initial 
velocity of the .striking ball before col¬ 
lision cun be obtained by simply adding 
the two vectors and also from the dia¬ 
gonal of a parallelogram formed with 
the two velocity vectors and the angle 
of collision, Results obtained by the first 
method art* within five per cent error. 
Errors may come in the measurement 
of angles hi the second method due to 
which there are differences in the values 
obtained by the two methods. 

This experiment' can again be done 
by taking two unequal masses. Let M 
lie the mass of a striking ball, m that 
of the target ball and v lt v« be then- 
respective velocities after collision, If 
V is the initial velocity of the striking 
ball before collision 


then 


On changing angles of collision as 
before, values of Vj and v a can be 
changed but the value of V calculated 
from the above relation will be the same 
always, The length representing v 2 
velocity of the target ball is extended 
at the position of the plumb line by a 
length equal to the sum of the radii of 
the two balls, The tip of this line is 
connected to the dot position of the 
striking hall and this length represents 
the velocity s\ of the striking ball after 
collision. 

We performed this experiment and 
obtained the results as shown below; 



Mass of striking ball 

Mass of (argot ball 

Diameter of the striking ball 

Diameter of the target ball 

«s> 174 gm 
«a 85 gm 
» 4.00 gm 
r* 2.9 cm 


No.or 

OBS 

ANOLPor 

COLLISION 

Vl 

v 2 

.. , m 

V '- V >+M- *■ 

1 

17" 

16.8 

17.3 

25,24 

2 

23° 

15.5 

17.5 

24,03 

3 

71” 

15 

17.3 

23.44 

4 

48” 

15.5 

18.1 

24.33 

5 

20“ 

16.1 

14.2 

23,02 


The results obtained are within five easy and simple method to demonstrate 
per cent error. This experiment is an the law of conservation of momentum, 
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Classroom Experiments 


Some Experiments for 
Demonstrations of Low 
Pressure Phenomena 

A. K. Gupta and P. Vijendran 


up HE need for devclopmg the obser- 
vational and experimental skill in 
students at an eaily stage of their career 
is obvious, pai ticularly so if they chance 
to continue in the study of science. 
Hence the need for visual demonstration 
experiments to illustrate vividly the con¬ 
sequences of some natural laws. Our 
efforts have been directed mainly to 
experiments demonstrating low piessure 
phenomena, the detailed discnplion of 
which follows.- 

The lat has been divided for con¬ 
venience into two types (i) junior and 
(ii) the senior. This has been done 
to separate out the types of experiments 
that can be performed at pressures of 
iCr 2 mm Hg (Torr) and above i.e. with 
a rotaiy pump alone and those that re¬ 
quire pressure below IQ-2 mm Hg, using 


a diffusion pumped system. Economy 
and ruggedness have been the main 
guiding factors in the design of the 
kits and the systems. Only indigenous¬ 
ly and readily available mateiials have 
been used to enable its wide use. 

The Junior Kit: 

This basic system (fig. 1) consists of 
a bell jar mounted on a flange, evacu¬ 
ated by a rotary pump. Provision for 
mounting gauges, leak valves etc. exists. 
The base piessuie attainable is in the 
region of jo - 2 to 10' 3 mm Hg. The fol¬ 
lowing are the typical examples of the 
experiments that can be done with its 
help. 

1. Study of mechanical force due to 
air pressure 

2. Inflating of a sealed ballon 

3. Air resistance 

4. Buoyancy of air 

5. Propagation of sound 

6. Convection of heat 

7 Conduction of heat 

8. Mcicnry Manometer and Bour¬ 
don gauge 

9. Toniccllian method of producing 
vacuum 

10 Vacuum filling 

11. Combustion and lighting 

12. Boling and piessure 

13. Freezing by latent heat of evapo¬ 
ration 

14. Discharge tube 

15 Cloud formation by adiabatic 
expansion 

The Senior Kil< 

This is basically a versatile combina- 
Iron system of a 11K" diffusion pump 
and a rotary pump with a manifold con¬ 
nector mounted on a trolley (fig, 2). 
The pressure is read by Bourdon, 
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Fig. 1 

thermocouple and cold cathode dis¬ 
charge gauges. The combined control 
unit for these gauges and the box con¬ 
taining the accessories for the experi¬ 
ments (which can be conducted with 
its help) are mounted on a trolley, 
(40" x 31" x 18"), which also tabes 
the rotary pump in the bottom. The 
lay out of the plumbing and other com¬ 
ponents is very simple and illustrative 
and makes the experimenter familiar 
with the general vacuum techniques of 
plumbing and couplings. 

The experiments above' mentioned 
with die junior kit can also be per¬ 
formed with this set up and some of 
them can be studied in greatei detail, 
like the discharge tube phenomena can 
be extended to the stage of black-out. 
Besides, the experiments demanding 
pressuies of lCr 4 to ICr 5 mm Hg, and 
more sophistication can be performed. 
Following are the typical examples: ’ 



F< s . 2 





CLASSROOM EXPERIMENTS 


41 


1. Diode expeiiment 

2. Boyles law and Mcleod gauge 

3. Direct observation of molecular 
impacts, 

4. Straight line motion of molecular 
beams 

5. Vacuum deposition 

6. Thermal conductivity gauges 

7 Discharge gauges 

8 Working of a rotary pump 

9. Working of a diffusion pump 

10. Study of other vacuum compo¬ 
nents. 

Details of the Experiments of Junior 
Kit 

1. Study of Mechanical Force Due to 
Air Pressure 

It is an extension of the histone Von 
Guericke’s experiment with Magde¬ 
burg’s hemispheres. The whole design 
is changed to enable the quantitative 
study of the force required to detach 
two discs held together by atmospheric 
pressure and its dependence on the 
factors like sealing gasket diameter, the 
pressure difference and the volume of 
enclosed evacuated space. The quanti¬ 
tative understanding is important be¬ 
cause of its close similarity with 
problems involving electnc or magnetic 
flux across the surfaces of odd shapes. 

2. Inflating of a Scaled Balloon 

This vividly demonstrates, the pres¬ 
sure air exerts leading to the expansion 
of a balloon whose neck had been tied 
at atmospheric pressure with a little 
air in it, when subjected to deci easing 
pressure around it. 

3. Air Resistance 

This is demonstrated by subjecting 
a light feather to gravitational fall with 
and without air in a tube and compar¬ 
ing it with the fall of a metal piece. 


4 Buoyancc of Air 

A sealed glass bulb is balanced on a 
light balance beam at atmospheric pres¬ 
sure and the change observed as the 
air aiound is evacuated. 

5. Propagation of Sound 

The fact that sound required a mat¬ 
erial medium for propagation is biought 
out by enclosing an electric bell in the 
bell jar and evacuating it. Care in 
mounting eleminates all contact vibra¬ 
tions 

6. Connection of Heat 

A thennometer hung over a hot sur¬ 
face indicates the need foi gas (above 
a certain vacuum) for convective trans¬ 
fer of heat. 

7. Conduction of Pleat, 

This demonstrates the effect of heat 
conduction by the gas molecules, from 
a heated filamenl and its dependence 
on prcssuic. 

8. Mercury Manometer and Bourdon 
Gauge 

This enables one to measure pressure 
in the classical way i.e. as mm Ilg. and 
incidentally shows how this unit struck 
roots even to denote pressures as low 
as —10 ~ 10 mm Hg. (less than the dia¬ 
meter of Hg. molecule). The Bourdon 
gauge used also measures the pressures 
in the same range and can be calibrated 
against the Hg. Manometer. Il is a 
typical example of the mechanical in¬ 
struments of this class. The dial gauge 
used can be opened easily and the work¬ 
ing appreciated. 

9. Torricellian Method of Producing 
Vacuum 

Illustrates how vacuum can be pro¬ 
duced as was historically done for the 
fiist time in 1643. This enables one to 
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measure the saturated vapour pressure 
of volatile liquids. 

10. Vacuum Filling 

Demonstrates the ease with which a 
narrow inlet vessel can be filled with a 
fluid 

11. Combustion and Lighting 

This is to demonstrate need for vacu¬ 
um in an electric lamp, besides throw¬ 
ing light on the use of tungsten fila¬ 
ments for various purposes in vacuum. 

12. Boiling and Pressure 

Boiling is an impoitant natural phe¬ 
nomenon and is shown to be a state 
of a liquid at which its vapour pressure 
becomes equal to the total pressuie on 
its free surface provided that this pics- 
sure is not very much less than 1 mm 
Hg whence the evaporation looses the 
violent characteristics of boiling. 

13. Freezing by Latent Heat of Evapo¬ 
ration 

Water kept in a watch glass at room 
temperature is rapidly evaporated by 
removing its vapours by evacuation. 
Then the loss of heat of evaporation is 
sufficient to freeze the remaining water 
in the dish. This process has found 
important application in “Fieezedrying”. 

14. High Voltage Discharge in Gases 
The standard discharge tube for the 

study of the nature of high voltage dis¬ 
charge with the nature and pressure of 
the gases is modified by providing two 
holes m the disc electrodes and letting 
the anode and the cathode rays strike 
fiuorescene on the flouxescent scieens 
of the ends. Magnetic deflection of 
these spots tells about the nature of the 
charge of the particle beams, 

15. Cloud Formation by Adiabatic Ex¬ 
pansion 

The cooling effect of adiabatic ex¬ 
pansion of a gas is convincingly demon¬ 


strated by a cloud formation of the 
water contained in air on its sudden 
expansion into an evacuated belljar. 
Details of the Experiments of Senior 
Kit 

D iodide Experiment 
A simple demountable, easy to assem¬ 
ble, electrode system facilitates the 
verification of basic laws concerning the 
thermionic emission. Its use as a diode 
enables the dependence of electron cur¬ 
rent on anode voltage, filament tempe- 
laturc and dimensions of lire electrodes 
to be demonstrated. 

2. Boyle's Law and Mcleod Gauge 

A modified compact form of Mcleod 
gauge enables the student to verify 
Boyle’s Law and use it as a pi assure 
measuring device. 

3. Direct Observation of Molecular 
Impacts 

The momentum impaited to a me¬ 
chanical system by molecular impacts 
can be studied with a simple apparatus, 
An oidinary glass slide is suspended 
vertically in vacuum by a suspension 
fibre with its opposite halves wetted 
with cone. ID Soi, When some water 
vapour is introduced, it is absorbed by 
the kbSO.i and momentum tiansfer is 
halved on these sides as compared to 
those at which the water molecules 
simply rebound. This difference in 
momenta transfer constitutes a torque 
and rotates the suspended system. Also, 
some simple-lo-make designs represent¬ 
ing important applications are sug¬ 
gested. 

4. Straight Line Motion of Moleculer 
Beams 

A molecular beam produces a very 
well defined image of an aperture in 
its path, which shows that molecules 
tiavel m straight lines. The inter- 



CLASSROOM EXPERIMENTS 


43 


molecular collisions of the residual gas 
molecules with the molecular beam 
can be demonstrated at higher pres¬ 
sures 

5. Vacuum Deposition 

This pi ocess has become quite a com¬ 
mon technique in science and techno¬ 
logy because of its immense usefulness. 
The system is capable of demonsliating 
the basic process. Coating of Magnesi¬ 
um on glass substrates is very simple 
and straight-forward giving a mirror 
finish. 

Besides, the working principle and 
performance chaiactenstics of the ther¬ 
mal conductivity gauge, rotary vane 
pump, oil diffusion pump and other 


components like diaphiagm valves, 
vacuum couplings etc. foiming part of 
the combination system can be studied 
conveniently with the help of the ac¬ 
cessories. 

A complete instiuction manual with 
full design details of the vacuum sys¬ 
tems and tile accessories needed for the 
demonstrations named above can be 
supplied. The authors aie thankful to 
the Head of Division Shri C. Ambasan- 
karan foi his keen intei esl in this dev¬ 
elopment and his kind permission for 
publication. We also wish to thank 
the workshop and glass blowing people 
foi their help in fabrication of the 
components. 


The Refractive Index of a 
Liquid by Total Internal 
Refection Within a 
Glass Prism 

Ved Ratna 


T T is customaiy in the universities 
that students of Physics in under¬ 
graduate classes do this experiment. 
Principle of the method is briefly des¬ 
cribed below. This description has 
been summarized from that given by 
Wiosnop and Flint 1 . Notation in the 
diagram has been slightly altered to suit 
tire convenience of discussion which 
follows. 


A glass prism ABC (liguie 1) has the 
face AB ground. AB is illuminated by 

A 
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monochromatic light. A group of iay,s 
parallel to SD reflects paitially from 
the face AC, emeiges parallel to EF 
and fonns a lme m the focal plane of 
a collimated telescope placed to receive 
them, Similaily a gioup of rays 
paiallel to SG, where angle SGM is the 
critical angle of incidence i, is reflected 
totally, emerges paiallel to IIK and 
forms another line in the focal plane of 
the telescope. 

All groups of rays whose angle of 
incidence is gi eater than 1 aie totally 
reflected and others will be partially 
reflected. The effecL will pioduce a 
field sharply divided into bright and 
dark halves by the direction IIK, mak¬ 
ing an angle a. with the normal to BC. 
The whole expeiimcnt is performed on 
a spectrometei and angle a is measured 

If /x is the lefractive index of the 
glass'tif the piism ^ that of the medium 
touching the face AC, and that of the 
medium touching the face BC is 1, 
then 


respectively, 

Sin i a = ^ 

P 

And Sin i t — /lL 
P 

Thus i t is greater than i, ( , 



gi = Sm C (g 2 —Sin 2 a) l/2 —Cos C Sin a, 

To find p, the liquid is removed from 
the face AC so that gi =1,again a is 
measured and then 


^/H-SmaCosCV Sin2ft 
\ Sin C j 

Problem 

For perfoiming the experiment with 
tire medium outside face AC as the 
given liquid, a thin film of the liquid is 
enclosed between the face AC and a 
glass plate LMNO (figure 2). A diffi¬ 
culty now arises as described below: 

If i a and i, are tire critical angles of 
tire glass of the pnsm wrth respect to 
the media of refractive indices 1 and/q 


While performing experiment with 
the liquid film outside face AC, a group 
of rays parallel to SD at an angle of 
incidence r a rs transmitted through 
faces AC and NO (aftci partial reflec¬ 
tions). If we assume AC, NO and LM 
to he parallel to each other, then 


Sin i a = 
Sin i 


Sm i a 
Sin 1 
Sin k 
where the symbols 
indicated in figuic 2 


1 

P 

P 

Pi 

Pi 

Pi 


j = k, 


1 = m 

have the meaning 


1 

Sm m — _ 

P2 

Hence m is the critical 


angle of the 
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medium of Ihc plate LMNO with res¬ 
pect to the medium of lefractive 
index 1. 

Thus a gioup of rays paiallel to SD 
is totally reflected from the face LM, 
emerges par ailed to EF and comes to 
a focus in the same line in the field of 
view of the telescope in which the rays 
of this group partially reflected from 
AC get focussed Similar situation 
arises with any other group of rays 
whose angle of incidence on the face 
AC lies between i 0 and i,. Thus the 
field of view of the telescope is divided 
sharply not by the direction HK but by 
the diiection EF. 

Hence the value of a measured ex¬ 
perimentally with the film of the given 
liquid comes out to be the same as that 
measured without it. Even if the liquid 
film and glass plate LMNO are not 
paiallel-sided and the glass plate is not 
optically plane (which it leally need not 
be), the value of a measuied with the 
liquid film will be a little different. Of 
com.se, any difference so obseivcd has 
no relevance to measurement of the re¬ 
fractive index of the liquid. 

Solution of the Pioblem 

To eliminate this difficulty, soot was 
desposited on the face LM. It was 
found that in this way the rays reaching 
the face LM aie absorbed by if and 
dividing line in the field of view of the 
telescope corresponding Lo the diiection 
HK (figuie 3.) becomes prominent ins¬ 
tead of that corresponding to the direc¬ 
tion EF. Theoietically, soot deposited 
outside the face LM should not absorb 
the rays incident internally on it at an 
angle greater than critical angle. But 
perhaps, along with soot, a thin oil film 
gets deposited on the face LM and the 


tiiclr woiks. LeL us call this method 
as ‘solution 1’. 

The author is of the opinion that a 
still better method will be to stick a 
thin black paper on the face AC 
with the given liquid, instead of 
the ulate LMNO. But this can be 
done provided a paper of such a qua- 


M 



lily is available which will not inti o- 
duee impurities in the liquid film, Th s 
method will eliminate the possibility of 
mterfcioncc fnnges being formed by 
the thin liquid film. 

Worsnop and Flint 1 , although do not 
talk of this difficulty at all, hut give an 
optional precaution, which we shall call 
‘solution 2’. 

"It is belter foi the sake of dePm'tion 
of the two halves of the field to allow 
light lo fall at grazing incidence on 
the prism surface, say, AC (figure 1). 
Then the rays entering the prism 
make angles less than eiitical angle 
with the noimal so that the field is 
now only half illuminated and the 
edge conesponds to the dTeclion, 
HK (figure 1). AB should be kept 
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dailc by coveiing with a sheet of daik 

papei”. 

“If the light is incident externally on 
the liquir film, it must enter by the 
edge, NM (figure 3), any ray such as 
P would not reach AC at grazing 
incidence.” 

Discussion 

The ‘solution 2’ really refers to im- 
piovement of definition of the two 
halves of the field of view over what 
we get without the liquid film by the 
method of illuminating the ground face 
AB, The question here is of ‘existence 
of any definition of the two halves of 
the field of view in the direction, IIK 
(figure 2) when woiking with the liquid 
film’. It is true that if ‘solution 2' is 
made use of, this question would not 
arise at all. But after reading through 
die description given by Woisnop and 
Flint 1 a student is likely to think that, 
when using the method of illuminating 
die ground face AB, some definition 
must exist Thus lie may neglect die 
‘solution 2’, obtain die same value of 
« in botli the parts of the experiment 
and thus obtain a value I for the refra¬ 
ctive index of the liquid. 

From a purely educational stand¬ 
point, the ‘solution T is better than 
solution 2’. When the student will 
adopt ‘solution T, he will see concrete 
before his eyes how does die intensity 
of internally reflected rays varies widi 
their angles of incidence. 

Indu Prakash and Ram Krishna 3 , 
while discussing a simplified form of 
Pulfrich Refractometcr, desciibe the 
entire experiment in terms of light en¬ 
tering from liquid to glass at grazing 


incidence. Worsnop and Flint" also do 
the same while describing Pulfrich and 
Abbe lefiaclonictm', Thus ‘solution 2’ 
is the more, commonly used experimen¬ 
tal technique 

Allen and Mumr 1 do not at all men¬ 
tion this experiment or the Pulfrich oi 
Abbe lefraclometors m the entire 
book written by them, and similarly do 
the authois of the books 5 and 6 men¬ 
tioned in the bibliography. 

IIousloiui 7 gives the same, treatment 
of the experiment as Woisnop and Flint 1 
without clarifying how the rays which 
enter lrom glass to liquid can be, pre¬ 
vented fiom being totally reflected 
back Middleton 3 gives a simplified 
experiment to measure critical angle by 
a glass block, similar to Pulfrich llofrac- 
lomclor, wherein he talks only of exter¬ 
nal incidence. 

Conclusion 

Although from an experimental point 
of view it is a faultless and usually ad¬ 
opted method that monochromatic light 
is allowed to fall at grazing incidence 
on the prism surface so that it enters 
glass making an angle with the normal 
equal to ciitical angle. But Worsnop 
and Flint’s attempt to describe the ex¬ 
periment using internal reflection is ad¬ 
mirable from an educational stand point. 
They made an omission in this method 
which they may have considered to 
be a minor one, ‘Solution 1’ describ¬ 
ed above is an attempt by the author 
to develop it into a really practicable 
method, keeping its essential spirit in¬ 
tact. It should now be possible that 
this experiment using internal reflection 
may he widely adopted by the univer¬ 
sities. 
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sinn-dodgmg equipment for motor-cars, 
and liiiv buigliu alaims 


Miniature Sets will Make 
Radar a Household Gadget 


Roy Herbert 


Pinhcad-skc Sower 

The heart ol those; gadgets will be a 
radai sourer the si/e of a pinhead, and 
it is tin's tiny desiee, aheacly m eom- 
meieial production, that promises to 
bring a resolution in its wake. 

Radar, ol course, uses radio waves 
to inca.sme the position of a target, its 
lunge and its speed. The radio waves 
tiansinilled .or reflected back and the 
inhumation is obtained funn the time 
they lake to return and the change in 
wavelength ol the echoes. They must 
be ol slioit waselengtbs—about one 
eenlimetie—m older to ‘sec;’ efficiently, 
and theieloie liigb frequencies are 
necessaiy. 

Until now, smnce.s ot radio waves at 
stieli frequencies have been compara¬ 
tively huge, delicate and with a short 
working life, in spile of the advances 
in vacuum lube, design since the early 
days of radar in the 1030s. 


rpECHNOLOGICAL advance is a TivnmU>rv not Suitable, 

slow business. Few developments Almost all the jobs that vacuum lubes 
arc tmly i evolutionary, and even when did have now been taken over by tran- 
they are, they seldom make a striking sisters, which are more reliable, last 
difference to eveiyday life and things, much longer, and do not need large 
In the last 10 yeais, peihaps only the powei supplies. They are solid-state 
development of transistors has had such- devices made of a crystal material 
an effect. In the next 10 years, ad- through which die electrons move—not 
vanced work in electronics at Britain’s through space as in the old vacuum 
Royal Radar Establishment at 'Malvern lubes. 

may make itself felt on a similar scale. But as transistors would not work at 
For, because of this work, miniature the frequencies necessary for radar, 
radar systems are now a practical pro- tlrey were out of the question for this 
position. All at once exciting pros- particular application. The woik be- 
pects have opened up for such tilings ing done at Malvern has changed all 
as hand-held obstacle detectois, colli- that. 


By Courtesy British Information Services, New Delhi. 
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The scientists there have been ex¬ 
ploiting a property, known as negative 
lesistance, in a paiticulai substance in 
crystal foim, called gallium arsenide. 
Normally, the current flowing m a con¬ 
ductor of elccLiicity is proportional to 
the voltage driving . it. But negative 
resistance means that as the diiving 
force behind moving electrons gets big¬ 
ger, they are slowed down and less, not 
moie, current flows It is possible to 
use this effect in gallium arsenide to 
produce high-frequency ladai pulses, or 
microwaves. 

In the ciystal, a section called a do- 
main-sepaiate fiom the rest—is fonned 
in which the voltage is very high. It 
forms at one end and tiavels along to 
the other, when it collapses Imme¬ 
diately anothci domain is fonned and 
does the same thing. The domains 
sweep though the ciystal at high speed, 
generating radio waves as they go; the 
fiequency of the waves depends, moie 
or less, on the distance the domains 
have to travel. 

Pioneer Work 

To get the frequencies needed foi a 
high-iesolution radar system—in other 
words, one that can distinguish small 
targets—the distance is measured in mil¬ 
lionths of a metre. So the crystals are 
minute, little more than a layer deposit¬ 
ed on something else for suppoit and 
to make the necessary cloctiical connec¬ 
tions. 

In fact, the microwave sources are 
made by depositing the layer on its sup¬ 
port—a diffeient type of gallium 
arsenide crystal—and then cutting the 
structure made in this way into small 
pieces. Other components are added 
to make the device tunable over a wide 


range of fiequencies. Even so, the 
whole tunable radai wave generator is 
only the size of a thimble 

Boweied by batteries and containing 
a transmittci, an aerial, a detector and 
othei mimaluic clecliomc gear, a ladar 
set can now be held m the hand like a 
toich, The possibilities of such systems 
are being considered, and it should not 
be long before experimental ones are 
being used in woilang conditions. 

Variety of- Uses 

For example, it ought to be fairly 
easy to measuie speeds of ships coming 
m to dock The bigger the ship the 
moie nnpoilanl this is, for even at low 
speed bumping into docksides can cause 
seiious damage. On the enormous 
tankeis that are now coming into ser¬ 
vice, it may be possible to have mem- 
bcis of the dock cicw woiking portable, 
radai speed meters foie-and-aft and 
passing the information to the budge. 

Radai metcis of this type could have 
almost limitless application in naviga¬ 
tion in haibour waters. In industry, the 
potential is just as big—knowledge of 
distances and speeds aie important in 
using machinery, and the smallness and 
simplicity of a mdar equipment for mea¬ 
suring them accuiately will piovo in¬ 
valuable. 

But possibly the most spectacular of 
the early uses foi the tiny radar sets will 
be in cais. There is no reason to doubt 
that cars will eventually have radar 
mounted, perhaps on the roof and that 
their diivers will be warned of obstacles 
in good time to avoid Clashes. Equip¬ 
ment such as this would be a tremend¬ 
ous asset m fog on motorways, for in¬ 
stance. 
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Problem Simplified 

The idea of using radar for this pur¬ 
pose has been mooted before. But 
equipment then was too big, too fragile, 
too expensive, and needed too much 
power. All these objections have been 
removed at one stroke by the new de¬ 
vice. 

Of course, in conventional radar itself 
theie will also be advarrtages to be 
leaped, One ,of the troubles in radar 
operation is the necessity for moving 
large aerials to swing the radio beam, 
and recent systems have been designed 
to get over this by producing a scan¬ 


ning beam electronically. 

The new microwave source simplifies 
tire problem of doing this, as it will 
have other problems in improving radar 
systems. 

This, hovveser, will be a backroom 
matter. For the man in the street, the 
new development is likely to show itself 
in a great variety of devices for use in 
daily life—in his own home, his job, 
and in transport of different kinds. 

As the radar systems are refined, new 
applications will keep step until, per¬ 
haps, radar-using gadgets will be as 
familiar as electrical ones are now. 
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A patient ciippled for 40 years with 
osteomyelitis (a seveie bone disease) 
whose soie limb healed and who could 
walk again unaided, 

A man of 53 with a chionie eai dis- 
climge since a mastoid operation at the 
ago of eight, whose symptoms suddenly 
stopped for the lust time in 45 yeais, 
Thirteen patients seriously ill with 
emphysema (extensive lung damage) 
who found they could breathe freely 


Success of Hyperbarics in 
Modern Medicine 


Paul Vaughan 


EXPERIMENTS with a form of 
^ medical treatment that promises to 
make a substantial contribution to the 
fight against disease are going on m a 
nurnbei of countries. 

The treatment, which has been des- 
ciibed as one of the major developments 
in medicine of the last five years, is 
known as hyperbanc medicine or, more 
simply, hyperbarics It involves bring¬ 
ing oxygen to the site of the disease 
and saturating the diseased tissues with 
the gas at a pressure two to three times 
the noimal late. 


Successes 

To give just 
successes. 


few examples of its 


again. 

Experimental work on the uses of 
hypeibaric medicine is going on inten¬ 
sively in many centres m Europe and 
North America, Britain has been, and 
is, one of leadeis in the field, not only 
in the basic research hut in the deve¬ 
lopment of the sophisticated equipment 
which hypcibarics demands. 

This includes piessure chambers, for 
if gas is used at high piessuie the con¬ 
tainers must withstand the force with 
which the gas will attempt to escape. 
And the cliambeis used in hyperbaric 
medicine must he big enough to take 
not only one patient, hut the patient’s 
attendants as well. 

Years Ago 

As long as 300 years ago, an English 
doctoi called Ilensliaw experimented 
with a pressuic chamber in which ho 
hoped to cure acute disease with high- 
pressure air. What Ilensliaw began was 
taken up intermittently later on. 

Scientists in the 19lli century devised 
pressure chambers with elaborately ele¬ 
gant Victorian decors like a Jules Verne 
submarine But in the nineties the Eng¬ 
lish Scienferst"Jr' S ~ . , n ITakk'mg put forward. - 
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piesent developments in hypcibarics. 

Haldane showed that if mice weie 
exposed to carbon monoxide gas, they 
died because the gas combined with the 
haemoglobin of the blood—the sub¬ 
stance which produces the blood’s red 
colour and which carries oxygen to the 
body’s tissues, The mice died because 
they were starved of oxygen, But if 
they were put into oxygen at three times 
the normal pressuie (at three atmo¬ 
spheres, that is) the mice survived. 

Oxygen and X-rays 

It was still more than 50 years before 
this work was followed up, But one of 
the earliest modern developments came 
when rt was shown that this use of ex¬ 
tra oxygen could have an effect on carr¬ 
eer, Scientists found that if the cells 
in a tumour were short of oxygen, they 
resisted the effect of X-ray therapy. So 
it seemed that if one could step up the 
supply of oxygen to these cells their 
defence against X-rays would he weak¬ 
ened. 

At St. Thomas’s Hospital, London, one 
of Britain’s best-known teaching hospi¬ 
tals, doctors began to treat cancer patr- 
ents with radiotherapy, while the 
patrents breathed oxygen at three to 
four atmospheres. 

Treatment on these lines has now be¬ 
come a standard practice at St. Thomas’s 
and other teaching hospitals, and it has 
been found that the extra oxygen does 
indeed improve-sometimes dramatically 
—the effect of X-rays in certain types 
of tumour. 

In Amsterdam, and a little later m 
Glasgow, doctors tried out the oxygen 
treatment when doing surgical opera¬ 
tions on the heait. And in other cen¬ 
tres more and more attention was being 


paid to hypcrbarics and its implications, 

A variety of medical conditions are 
mmked by a local shortage of oxygen- 
due, for example, to injury or to diseas¬ 
ed blood vessels. Wherever lack of 
oxygen was shown to be a complicating 
factor, it seemed likely that hypcrbarics 
might help. 

Beneficial Results 

Although, this is still a relatively new 
branch of medicine, it lias already been 
applied successfully to diseases of the 
Iroiic, the joints, the lungs ancl the heart. 
It has been strikingly beneficial m treat¬ 
ing gas gangrene, a grave condition 
which can follow serious accidental in¬ 
jury and is caused by a germ which docs 
not like oxygen. 

Pressure chambers used in hyper¬ 
baric,s are either very huge or small 
enough for one person. One, recently 
installed at Glasgow’s Western Infinn- 
ary, has an Inside* shell of 15 feet by 
18 feel. It can take two patients at 
once, plus the surgical team, ancl will be 
used for heart surgery. 

One Glasgow doctor has experiment¬ 
ed with a miniature pressure chamber: 
it is 30 inches long but it is for mice, 
not men. For human patients there are 
hypcibaric beds in which the patient 
can be nursed for long periods in a 
highly oxygenated environment. In 
these, the patient lies under a Perspex 
dome and is completely encased in the 
bed. He keeps in touch with tho out¬ 
side world by an ‘‘intercom” and can 
watch television or listen to the radio, 
while the heat and humidity of the bed 
can be controlled automatically. 

S till a Mystery 

Ironically perhaps,' scientists still can¬ 
not be sure why hyper-oxygenation 
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should be so beneficial in, for instance, 
diseases caused by germs, Does the 
oxygen act on the genus themselves in 
some way, or on the poisons which those 
germs pioduce? 

At a recent international conference 
on the subject, one London doctor sum¬ 
med it up: “All we can say is that 
somehow hyperbaric oxygenation allows 
natural leparative processes to take 
fjlace.” 


Theie aie many other questions still 
to be answcicd about this new ioIc for 
oxygen in medicine. It is likely that 
moic applications of hypeibaiics will be 
discovcicd It is also possible that in 
the lcsearch now being done, in Biitain 
and elsewhere, fiesh light will be 
thrown on that ultimate mystery of 
medicine-the fundamental giowth 
mechanisms of the human cell. 
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Forty Years of Television 

Anniversary of Baird’s 
Invention Celebrated 

Douglas Reekie 


L ONDON has just celebiated the 
40th anniversary of one of the most 
far-teaching inventions of all time-tlie 
first public demonstration of television— 
by a dinner given by the Television 
Society 

It was in January 1926 that John 
Logic Baird, a Scot living in the South 
of England, demonstrated his brain¬ 
child in London to the Royal Institution. 
A few days before, I had been one of a 
dozen or so people who had seen what 
he could do in sending pictures by 
radio. We had gathered in a house in 


North London. The demonstration took 
the foim of a picture of .someone in an 
ups tails room being shown to us down¬ 
stairs in another loom. The cynicism 
of the newspaper reporter made me 
disbelieve completely and utterly. I 
searched foi hidden wires, They could 
not be found. 

A Miracle 

Finally convinced that I had seen a 
miiaclc performed, I wrote a story and* 
then had to aigne Baird’s ease with my 
office, which shared my own original 
disbelief, 

To-day I look at television quite a lot 
along with more than 80 per cent of the 
people, of Britain. I still think it a mir¬ 
acle, even though I get irritable and 
angry if there is the slightest fault in 
the transmission or in my reception, 

To the celebration dinner in London 
this January went the first man ever 
to he televised—William Taynlon, then 
an 18-year-old office boy and now a 
clerical woikcr in London. At the time 
of his historic first appearance on a tele¬ 
vision screen, lie was working for a 
company which hiicd out cinema films 
from a building in Soho, London. 

Attic Woikrooms 

Baiid had his workrooms in the attic 
of the building. One afternon he rush¬ 
ed downstairs and asked Taynton for 
help. Upstairs in the attic, Baird set 
him under two rows of hot and bright 
lights and in front of a camera which 
he called a transmitter. 

Taynton says that he barely had time 
to settle himself m bis seat before a 
wildly excited Bail'd shouted at him 
“I’ve done it. .I’ve done it” and seem¬ 
ed to dance round the attic. 



YOUNG FOLKS CORNER 


55 


A few moments later Baird pushed 
Taynton from his seal and took his 
place. Taynton went round to the otliei 
side of the transmitter. "I could just 
see the outline of Band’s face on the 
screen,” says Taynton. “It was veiy in¬ 
distinct, But I could definitely see a 
face.” Just as I was to see a face on 
that screen m North London later, and 
the members of Britain’s Royal Institu¬ 
tion were to see a face in January 1926. 

First Regular Programme 

It was not until 1936, however, that 
the first legular public television service 
in the woild started, when the British 
Broadcasting Corporation went on the 
aii with a regulai programme foi view- 
eis, In the ten yeais that had elapsed, 
considerable development of the tech¬ 
niques, Baird had devised took place, 
Once Baird had shown that television 
was possible, others stepped in with 
specialized knowledge that began to 
build towards the efficiency of the sets 
we know today. 

World War II was to intervene before 
Britain could really exploit the new 
means of mass communication with full, 
countrywide coverage. (The BBC ser¬ 
vice was shut down from 1939 to 
1946,) 

In 1955, commercial television was in- 
tioduced in Britain when Independent 
Television began operations. The BBC 
got its second channel in 1964, 


Today, both Independent and BBC 
Television claim to have almost com¬ 
plete coverage of Britain. The BBC is 
linked with most of the European ser¬ 
vices and exchanges piogrammcs with 
them. A few years ago television pro¬ 
grammes wcie also being exchanged 
across the Atlantic with America 
through the Telstai satellite. 

Television Personality 

I do not think Baiid, when he fetched 
Taynton m to be the first peisonality 
to be televised, ever thought or imagin¬ 
ed that m 40 years his invention would 
have swept the world as it has done, 
Nor did he oi Taynton foi that matter 
-imagine that Taynton was to be the 
first of a whole new race of people, . 
the television personality. 

But he was And, befoie the anni- 
veisaiy celebration arranged by the 
Television Society of London, he was 
shown in a studio the modem equip¬ 
ment used in television broadcasting. It 
was a little diffluent, he thought, to 
the conglomeration of wires and gad¬ 
gets Baiid had taken him to see in that 
attic. 

But then Mrs. Baiid, who was also 
present at the celebiation, rather 
thought the same. She remembered the 
oddments of wires and bits and pieces 
her late husband used to clutter up her 
home with, 
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lived by a simple chemical process the 
resistance to variations of temperature 
and humidity, mould infection and 
bruising is greatly increased. 

The stabilizing agent is a colourless, 
tasteless liquid which is cheap to make, 
and application is a simple matter of 
hulk dipping in the warehouse. 

Successful Tests 

Successful tests have been carried out 
with lemons, grape-fruit, oranges, tan¬ 
gerines, bananas and other fruit. In 
these, Dr. Iliust has established that 
the rate of ripening and decay depends 
on the miction of substances in the skin, 
and that if this ‘breathing’ can be slow¬ 
ed clown the fruit will ripen more slow¬ 
ly, keep longer and be more resistant to 
lemperaline changes, 


New Process Keeps Fruit Fresh Longer 

RUITS stay fresh longer and resist 
mould infection better by a new 
technique of regulating the breathing’ 
of their skins developed by a British 
scientist 

Dr. Henry Hurst, managing director 
of a Cambridge timber-proofing com¬ 
pany, has spent years on research into 
the structure of insect add plant skins 
to show that if the skin of fruit is stabi- 


A ripe, stabilized banana, for example, 
can stay firm and edible for up to four 
days at 34°G., wlrilc an untreated one 
softens after 8 to 16 hours. In average 
room temperature, according to Dr, 
Hurst, a treated banana should stay firm 
about 10 times longer than normal, 

Dr, Iiurst claims that bis treatment 
could be of great value as fruit can be 
stabilized at any stage—after harvest, 
during ripening, or before selling in con¬ 
tainers, 

Collecting Medical Data on Human 

Body 

Britain’s Medical Research Council 
has developed ‘a socially acceptable 
monitoring instrument’ designed to re¬ 
cord medical information about ordinary 
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people as they go about their daily 
work. 

The instrument, which is attached to 
the body, yields information about the 
physiology of the active woilcei, the 
housewife, or the sedentary desk-bound 
executive. 

Mr. H. S. Wolff, of the Council’s 
Hampstead (London) laboratory, said 
the new instrument would record heart¬ 
beats and temperature for periods of a 
few hours or two or three days while 
a pel son went about his normal woik. 
It would record information about ordi¬ 
nary persons in the same way as was 
done, for example, in the case of astro¬ 
nauts. 

Electiochemical Cell 

The device is a tiny electiochemical 
cell which enables doctors to detect a 
multiplicity of factois which contribute 
to a noimal physiological envnonmcnl. 
The same device can be used to help 
doctors assess how patients progress 
aftei treatment. 

The device, connected to the body by 
two electrodes at the end of thin wires, 
is small enough to be worn without be¬ 
ing noticed by anybody, and makes no 
noise. It has already been tried out on 
bus drivers and conductors, airline 
pilots, and schoolchildren. 

Helium Bubble chamber at the Ruther¬ 
ford High Energy Laboratory 

The helium bubble chamber that is 
being built for the Rutherford High 
Energy Laboratory at Chilton near Did- 
cot, will be the biggest of its type. In 
common with bubble chambers using 
other liquids, it depends for its useful¬ 
ness on the fact that a superheated 


liquid-one at a temperature higher than 
its boiling point at the pressure prevail¬ 
ing, but still liquid-boils locally, forming 
a line of bubbles, wherever a charged 
particle on its way tlnough the chamber 
encounters an atom. It is, in a sense, 
the opposite of a wilson cloud chambci. 
Supercooling in a cloud chamber is 
biought about by a sudden increase in 
pressure; superheating in a bubble 
chambci by a sudden reduction in pres¬ 
sure. 

Bubble chambers have two advan¬ 
tages over cloud chambers in high- 
energy research using beams of accele¬ 
rated particles. The most obvious is 
that Lhe density of atoms in a liquid is 
many limes greater. Not only arc tracks 
well defined; there is more chance of 
direct interactions with nuclei, leading 
to the formation of new particles in the 
chamber. The other advantage is that 
a bubble chambci requires only a few 
seconds’ interval between one set of 
tracks and the next. It is unrivalled in 
its own field, though other methods 
complement it. 

The choice of liquid depends on the 
type of experiment to the done. The 
Rutheiford Laboratory will have three 
bubble chambers—each of different type 
—for use in conjunction with its biggest 
piece of equipment, the. proton synchro¬ 
tron, Nimrod, which accelerates protons 
to an energy of 7,000 MeV. Two of 
them require the use of exceptionally 
low temperatures. The first to he com¬ 
pleted was the British National Hydro¬ 
gen bubble chamber. This has been on 
loan until lately at the Geneva labora¬ 
tories of the European Organization for 
Nuclear Research (Cem) but, after 
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reassembly next yeai, will be used at the 
Rutheifoid Laboiatoiy. The advantage 
of hydrogen is that effectively only one 
type of nucleus is present—and that is 
the simplest proton. This is of help in 
interpretation when a paiLicle interacts 
directly with a nucleus in the chamber 
and further secondary particles are pro¬ 
duced, 

The helium bubble chamber is well 
suited to the study of an odd kind of 
nucleus, known as a hypernucleus, in 
which the place of a neutron—present in 
all nuclei except hydiogen—is taken bv 
an unstable and more massive particle, 
the lambda hypeion, Hypernuclei pre¬ 
sent many problems, in which the Ox¬ 
ford University Nuclear Physics Dcpait- 
ment is interested. The helium bubble 
chamber is a joint venture between the 
Oxfoid department and the laboratory. 

The active legion of the chamber will 
be 32 m. longXlS in. wideXl7 in. deep. 

A powciful magnet will be used to bend 
the tracks of paitides in the chamber, 
which is within the magnet. The big¬ 
gest technical problems, however, have 
been in the refrigerator needed to main¬ 
tain the helium in the bubble chamber 
at an accurately controlled temperature 
within a few degrees of absolute zero, 
Apait from control, it has been neces¬ 
sary that the final pait of the refrigera¬ 
tor-including the vacuuh chamber should 
be mobile. This is in order that it may 
be moved with the chamber to whatevci 
position is wanted, and also can be ze- 
moved when not in use. The refrigeia- 
tor keeps the liquid helium in the bub¬ 
ble chamber at a controlled temperature 
in the range 3°k to 4°k within ±0 05°k 
The thud bubble chamber using a 


heavy liquid has just lately hem brought 
into use. 

Space Research Symposium 

A NUMBER of distinguished scien- 

lists from India will attend an 
international symposium on space re¬ 
search to Ik* held in London from July 
17 to 29, Deseiibod as the biggcst-evei 
confeience on solar and tci res trial phy¬ 
sics, it will he opened by Mr. Anthony 
Crosland, Britain's Secretary of State for 
Education and Science. 

The sun has poured out its energy 
in the lomi of heal and light for millions 
of yeais and has made life possible on 
the eailli; at the same lime it sends out 
invisible ultia-xiolet rays and fast-mov¬ 
ing particles, such as protons, which 
would lie lethal to us if they were not 
stopped by the cat ill's atmosphere. 

It is these phenomena, among others, 
that the scientists have boon studying, 
and will discuss sit the London sympo¬ 
sium, 

Some of the results of their studies 
will have piactical applications. For in¬ 
stance, theie will be considerable inter¬ 
est in the study of solar flares, which 
arc huge outbursts of ionised gases 
which send pai tides millions of miles 
out into space, some reaching the earth. 
It is essential for the safety of astronauts 
and even the passengers and cicw of 
high-flying supeisome aireiaft like the 
Concord that scientists should know 
how to predict when these solar flares 
aie going to lake place so that avoiding 
action can be taken. 

The scientists have been using the 
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latest aids available, including lockets 
and space probes. 

The symposium will be attended by 
ovei 900 scientists from 45 countiics 
They will assess the value of data ob¬ 
tained duiing the International Years of 
the Quiet Sun (IQSY) in 1964 and 1965. 
Duiing the period intensive studies were 
made from ground stations and space 
satellites of the effects of the sun's ladia- 
tion on the eaitli’s atmosplieie. 

The London symposium has been ar¬ 
ranged jointly by the Special Committee 
foi IQSY and the Scientific Committee 
on Space Reseaich (COSPAR). It is 
being held at the invitation of the Royal 
Society. 

Indian scientists expected to attend 
the symposium include: Di. Vilcram 
Sarabhai, channian of India’s Atomic 
Energy Commission and of the Indian 
National Committee for Space Research; 
Dr. A. P. Mitra, National Physical Labo- 
latory, New Delhi; Piof. P Ramaclian- 
dra Rao, Andhra Univcisity; Dr. G. K, 
Setty, Delhi University, and Prof. P. D. 
Bhavsar, Dr. S. Prakash, Piof. K, S. 
Ramanathan, Dr. T. S. G. Sastry, and 
Dr P. R. Pishaioty (all five fiom the 
Physical Research Laboratory, Ahmed- 
abad) 

Fruit Fly Controlled by Lures 

Both food and sex hues for the 
Queensland fruit fly, Dacus Trijonl, have 
been discovered and used to control the 
pest in the least 30 inland Australian 
towns. The method should also assist 
suppiession efforts along the eastern sea- 
boaid where the fly exists in a more oi 
less continuous population from north of 
Cairns to Victoria 

Several State Departments of Agricul- 


luie have accepted the method as a pre¬ 
ferable alternative to massive spraying 
campaigns using dangeious poisons such 
as DDT For almost a centiuy the fly 
has been regaided as Austialia’s worst 
pest of oichaid ciops, lniL a icceiil con¬ 
ference oi Federal and State entomolo¬ 
gists declared that as a result of the lin- 
pio\ ed contiol measures now available 
the fiuil fly piroblem could be viewed 
as one of minor importance. 

Mi A. Wilhson, an industrial chemisL 
in Sydney, discovered the male hue 
some yeais ago. The altractant synthe¬ 
sised by him is 4-(p>-hydioxyphc'iiy]) 
butan-2-ono. Subsequently reseaich by 
Dr. Memo at the Waite Agricultural 
Research Institute, Adelaide, showed 
that the acoloxy derivative of tin's com¬ 
pound was even more attiactive to the 
Queensland fiuit fly. This form of the 
compound also atliacls the melon fly, 
Dacus Ctiurbilae, which is a pest in 
oilier parts of the woildr 

Meanwhile, American entomologists 
had lound that certain protein hydioly- 
sales are sliongly attractive to the 
oriental fruit fly, and Medilenanean 
fruit fly. Tests by the New South Wales 
Department of Agiicultuial confirme 
that this material is also appreciated by 
the Queensland fruit fly. ICIANZ Ltd. 
in co-opeialion with the Department has 
since formulated a number ol protein 
hydioly.sales and selected the. most ef¬ 
fective for commercial pioduclion. 

Though the sex line has greater di aw¬ 
ing power and is longer lasting il has 
not proved as effective as the food hue 
in field control experiments. However, 
when both lures have been distributed 
together suppression has been greatest, 
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Thus, in an experiment covering coin- fruit was found in the aieas in which 
parable areas where male line and food the two hues were distributed, Mala- 
luie were used separately fruit damage tliion has been chosen as the. insecticide 
amounted to 20 per cent and 7 per cent to mix with the lures because it presents 
respectively, but virtually no infested less risk to other animals and humans, 

Courtesy 1 Australian High Commission, New Delhi 




DRAMA IN SCHOOLS 

by 

Mina Swaminatiian 


Demy Octavo pps. 136 


Rs, 2,90 


This little, richly illustrated book embodies a fresh approach to drama 
as a medium of education. Each chapter carries practical suggestions for 
activities and methods which will give the teacher new insights. The over-all 
purpose of the book is to bring home to the teacher that drama, besides 
being a joyful and worthwhile pursuit in itself, has tremendous possibilities 
for the development of the potential abilities of the child. 

For copies , contact: 

Business Manager 
Publication Unit 

National Council of Educational Research and Training 
71/1, Najafgarh Road, New Delhi 15. 


A JVAA 




Problems in 
Mathematics 


Problems SS 31 to SS 35 
J.N Kapur and R.C. Siiarma 


5531 Draw the graph of: 

y= J X —1| + I x—2( + I X—3| + 

| x—4J +| x—5 |+ | x—6f 
and solve the equation: 

I X—1) +| x—21 + I x—31 +1 x- 
4| +J x- 5 1+| x- 61=9 
Solve' also the equation: [ x | +j x 
4-'i[ +1 x+£] +| x+£j + |x+4-J 
+1 x+«J =1. 

Generalise these problems and solve 
them. 

5532 (selected). Prove that the sum 
l l +2 fc +3 ,c +. • . ..+n fc , 

where n is an arbitary positive in¬ 
teger and k is odd is divisible by 
1+2+3+.+n. 


Students of secondary school and othcis ate 
invited to submit solutions of the ptoblcms given 
below, Cot reeled solutions along with the names 
of those who solve these problems correctly, will 
be published in a subsequent issue of School Science, 
Only students, however, cue eligible for the 
pi izes that may be ojfei eel. Each pi oblem should 
be solved on a separate sheet of paper and should 
beat the name of the student, Ids class anil his 
school and should cany a decimation that he 
has solved the pi oblem himself. Solutions should 
reach Slui R.C. Shatnia, Reader Depottment of 
Science Education, NIE Buildings, Mehiauli 
Road, New Delhi 16, within six weeks of the 
publication of this issue. Readers are also invited 
to submit original problems along with their 
solutions. 


5533 (J.N. Kapur) Prove (without using 
calculus) that 

(i) Sin xi+Sm x 3 +.,. ,+Sin x„ is 

maximum subject to x 1 +x 2 + 

.... +x„=oc when 
xi=x 2 =.... =x„=K;/n 

(ii) If a+b=k where a and b are 
positive integers and k is a 
constant, then 

(a+ l/a) 2 +(b+ l/b) 2 >2(k/2+2/k) 2 

5534 (selected). Prove that there does not 
exist a natural number which, upon 
transfer of its initial digit to the end, 
is increased 2 or 4 or 5 or 6 or 7 or 
8 or 9 times; but there exist natural 
numbers which are increased 3 times 
and find them. 

5535 (selected). Prove that if a and b arc 
relatively prime natural numbers then 

[a/b] + [2a/b] + [3a/b] + . + 

[(b—a)a/b]=(a—l)(b—1 )/2 



New Trends in 

Science 

Education 


Community Science Centre 
K. B. Shah 


A T the School of Architecture at 
Ahmedabad a dozen advanced 
students have each taken on a new as¬ 
signment; to design a building for 
erection in the near futme to house a 
new science education and research 
facility, The Community Science 
Centre. 

What is the Community Science CentreP 
The Community Science Centre is 
an activity of die Nehru Foundation for 
Development for providing facilities 
and developing programmes for the 
understanding of science by students, 
teachers and the lay public and for the 
improvement of Science and Mathe¬ 
matics Education at all levels, 

The idea was mooted three years ago 


by a small group headed hy Dr. Vikram 
A, Saiahliai which began its pre- 
liniinaiy work at the Physical Re¬ 
scind! Laburators at Ahmedabad, The 
giotip began identifying institutions, 
leudiei.s and students at Ahmedabad 
who were motivated by the same urge 
for introducing originality and creativ¬ 
ity both among students and teachers, 
Keeping an open mind and uninhibited 
with any restrictive forces, the partici¬ 
pants discussed tire problems of science 
education, challenged hitherto unchal¬ 
lenged assumptions and came forward 
with new ideas. The group for the Im¬ 
provement ol Science Education, or 
GISE as it came to be called, met foi 
regular interaction on a continuing basis 
to discuss specific problems and pro¬ 
jects which could be implemented in 
the near future. 

The GISE received financial support, 
grants and assistance, from the Nation¬ 
al Council of Educational Rescaich and 
Training, the Karmakshelra Education¬ 
al Foundation, the Asia Foundation and 
from a number of local institutions at 
Ahmedabad. 

As the scope of the GISE expanded, 
its activities from the Physical Research , 
Laboiatory were brought under the 
umbiclla of the Nehru Foundation for 
Development, a vehicle for the considera¬ 
tion of broader question of social and 
educational nature, founded by Dr, 
Vilaam A, Sarabhai. 

Experience gained in woiking to¬ 
gether confirmed tbc Group’s feelings 
that Science teaching in our existing 
educational system did not adequately 
provide either familiarization with the 
scientific method or the acquisition of 
knowledge through experimentation. 
The Group came to the conclusion that 
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if the understanding of science by stu¬ 
dents or by adults is to be promoted, 
what is needed is a facility where- those 
who wish to teach and those who wish 
to learn can come and conduct basic 
expeuments and be exposed through 
audio-visual and other means to the 
latest developments of science, science 
teaching and technology. 

To fulfil such specific needs, the 
Gioup for Improvement of Science 
Education, with a financial grant from 
the Asia Foundation has created the 
Community Science Centre under the 
auspices of the Nehiu Foundation for 
Development 

Centie Programmes 

In developing the concept and 
giving contours to the Community 
Science Centre, it must be understood 
that it will be built around two pro- 
giammes—each independent at the start 
but moving towards each other and 
ultimately fusing to the advantage of 
both. The first programme is a conti¬ 
nuation of one started three years ago— 
the GISE series. This is an effort by 
die teachers themselves thiough co¬ 
operative voluntary active participation 
to improve science teaching content 
and to spread and understand new 
ideas and approaches in science and 
mathematics by actually trying them 
out. It will continue as originally dev¬ 
eloped. The other programme will be a 
new one; conceived and planned by us 
wiUi no restrictions set by existing ac¬ 
ademic traditions. Its purpose will be 
not to impait scientific information per 
se, but to illuminate the process of 
scientific Clinking. These two streams 
flowing side by side will gradually 
blend, one to the other and merge into 


a practical cieative proceduie eventual¬ 
ly to be adopted we hope, into the for¬ 
mal school and college systems. 

Stream. I: Enuchment and Improve¬ 
ment Programme will encompass the 
following aclivites- (i) New Curri¬ 
culum and matenals development, (li) 
In-service teachers training through 
(a) week-end discussions, (b) refresher 
courses and (c) summer and winter 
institutions, and (lii) Gifted student 
progiamme. 

Stream II, Experiments in Science 
Education m which the Centie will try 
stream out the following two approaches- 

I. The Core Piogiamme: In order to 
make science a living, meaningful cx- 
peiicnce foi the Science Centre parti¬ 
cipants, the local scene and life pat¬ 
terns must be the backdrop, as Dr. 
Sarabhai has aptly put it, against which 
the drama of science is piesented and 
understood, All levels of participants— 
elementaiy, secondary and college stu¬ 
dents, as well as teachers and the lay 
public, will find within the Core Pio- 
gramme, inteiests, degrees of complex¬ 
ity and refinement, at whatever quanti¬ 
tative and/or qualitative levels that 
will fit their needs and abilities. 

In the Corn Programme the element¬ 
ary levels will deal with basics—they will 
come to undcistand how to: (i) pose 
lelovanl questions, (ii) select a work¬ 
able hypothesis, (iii) seaieh for proof, 

(iv) uncover new relationships, and (v) 
adheie. Lo ethical standards and values. 

For higher levels of sophistication 
these same fundamentals be refined, 
They will be translated into: (i) project 
design, (ii) collection of data, (iii) as¬ 
sessment of data (iv) classification and 

(v) measurement. 

For the highest levels the same basic 
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concepts become: ( 1 ) description of ex¬ 
perience, (ii) creation of experience and 
(iii) the. understanding of experience, 

II, Audio-Visual Programme*. One of 
the most important features of the Com¬ 
munity Science Centre will be the em¬ 
phasis and inclusion m the Centre of 
adequate facilities for the participant 
to prepaie and produce audio-visual 
content material, such as slides, films 
and tapes, himself. This material may 
be a record of an experiment, a demon¬ 
stration of a procedure, a documenta¬ 
tion of field trip. 

Other Activities 

(i) An ongoing activity of the Centre 
will be die accumulation, evaluation 
and communication of all material be¬ 
ing developed by other agencies here 
and abroad. Paralleling this will also 
be die development of material of like 
nature by the Centre staff, 

(ii) Publication: The Centre will 
publish Teachers manuals and resource 
material for existing syllabi and also 
for the new programmes developing at 
the Centre. A newsletter on Centre 
activities will also be published. 

(iii) Activities for the Laymen: Perio¬ 
dic lectures, demonstrations, film shows, 
science exhibits will be arranged for 
die lay public. The interested persons 
will also be invited to use the facilities 
of the Centie and participate in ongoing 
activities of the Centre. 

(iv) Seminars: The Centre will orga¬ 
nise seminars on regional, national and 
international level to discuss new pro¬ 
blems of science education. These 
will also serve as a medium for ex¬ 
change of experience and information. 


Facilities 

Facilities 11 ml service offered by the 
Centre: 

(i) Lihrauj: Tlu: Centie shall establish 
a library of scientific books, films and 
film ships as well as journals of educa¬ 
tional and popular interest. 

(ii) Science Museum: We hope to set 
up a modest science museum including 
science exhibits developed at the Cen¬ 
tre or received from outside. 

(iii) Workshop Facilities: The Centre 
will have its own small but up-to-date 
woikshop, staffed for the: development 
of science exhibits, models and proto¬ 
types. In free horns and by prior ar- 
umgemeut our woikshop facilities will 
be made available to outside institutions 
and individuals. 

(iv) Laboratories: At the Centre the 
four laboiatori.es, one each for Physics, 
Chemistry, Biology and Mathematics 
will each contain facilities to accom¬ 
modate up to 25 participants at a time, 
These laboratories will be available on 
a shared basis to outside institutions. 
The zoo, aquarium, green-house and 
observatory maintained by the Centre 
for Study purposes will also be avail¬ 
able for visits by outside groups. 

(v) Consultation: The Centre can 
offer consultation services to outside 
institutions in the application of new 
methods of teaching and advise them 
in the development of their laboratories 
and libraries. 

(vi) National ancl International Ex¬ 
change Programme: It is one of our 
cherished objectives to set up a nation¬ 
al and international exchange of ex¬ 
periences and relationships between our 
Centie participants and those of ana¬ 
logous gioups in other countries. 



News and 
Notes 


1. THE EXPERIMENTAL PROJECT 

All the trial editions of text materials 
in Science and Mathematics for class 
VII have been printed and distributed 
to 31 Experimental Schools. The re¬ 
vision of the trial edition of class VII 
materials has also been taken up. The 
revised manuscripts for text materials in 
Physics and Biology (both English and 
Hindi veision) for class VII were com¬ 
pleted and sent for printing to the Pub¬ 
lication Unit. Work also continued on 
preparing the trial edition of Class VIII 
text materials which will be required for 
use in the experimental schools from 
July 1968. 

A number of States were contacted 
and the new text materials developed 
under this project were made available 
to the State Education authorities for 


study to examine the possibility of using 
these materials in selected schools of 
their state. 

2. THE UNESCO-UNICEF PROJECT 

Gcncial Science syllabus for classes I 
to V has been published and is availa¬ 
ble fiom Publication Unit, B-31 Maha- 
lani Bagh, New Dellii-14 The first 
volume of the conesponding Teacher’s 
Handbook—a three-volumes publication, 
is also out. Woik is also m progress on 
writing the Gcncial Science textbooks 
foi classes III, IV and V. Preliminary 
designs of a science kiL and a science 
chart for use in primary and elementary 
schools have been developed. 

Discussions were held with the Stale 
Education Departments of Andhra Pra¬ 
desh, Madras, Mysore and Kerala to 
work out a subsidiary plan-of-opeia- 
tions for introducing this scheme of 
strengthening the teaching of science as 
a compulsoiy subject. Five other states: 
Rajasthan, Gujarat, Maharashtra, Mad¬ 
hya Pradesh, and Uttai Pradesh had 
been visited earlier in this connection, 

3. THE CURRICULUM PROJECT 

The Directors and permanent staff 
members of the Five Study Groups in 
Chemistry met at Sardar Vallabh Bhai 
Patel University, Anand (Gujarat) from 
27th to 31sL January 1968 and reviewed 
the complete text materials for the 
lower level course. They also discuss¬ 
ed about the contents of the first five 
units of the senior high school course 
m Chemistry. The trial edition of the 
lower level course will be available for 
tryouts by April 1968. 

The Biology Study Groups have final¬ 
ised their materials for the three years 
of the first stage of secondary schools 
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and are currently involved in editing 
and giving lasl touches lo the diagiams 
etc, to make the materials pi ess-worthy. 
They held a long meeting in the month 
of December lo do this task jointly, 

The Physics Study Gumps at Delhi 
and Calcutta met at Delhi for about a 
month to dovetail the materials prepar¬ 
ed by them for the first year of the 
first stage of secondary schools. They 
are currently involved in editing the 
materials and making them pressworthy, 
The materials will be available for press 
by February 1968. 

The Mathematics Study Gioups met a 
number of times at Kanpur, Jadavpur 
and Jaipur to finalise the materials de¬ 
veloped by them, They have construct¬ 
ed instructional materials for all the 
three yeais of the first stage of secon¬ 
dary schools. 

4. NATIONAL SCIENCE TALENT 

SEARCH SCHEME 

The National Science Talent Search 
Examination was held on 7th January 
1968 in 326 centres all over the coun¬ 
try Necessary arrangements to get the 
scripts evaluated are under way, 

A school-wise study of the results of 
the NSTS examination 1967 for Delhi 
Schools and its co-relation with the re¬ 
sults of the Higher Secondary Examina¬ 


tion and All India Higher Secondary 
Examination has been completed, 

Tin 1 first meeting of the Advisory 
Committee of the National Science Tal¬ 
ent Scaieh Scheme was held on 23rd 
Jammy. 1908 under the Chairmanship 
of Dr, 1) S. Kolbaii, Chairman, U.G.C, 
The Committee reviewed the work of 
the scheme and agreed that from the 
next examination the test papers should 
be available in all the regional langu¬ 
ages. It also recommended the organi¬ 
sing of mathematical olympiades and 
reserving of certain scholarships for 
gifted students in mathematics. 

For the undergaiduate awardees of 
the National Science Talent Search 
Scheme 16 Summer Schools are to be 
held duimg this summer. 

5, THE INSTRUCTIONAL MATE¬ 
RIAL CENTRE 

The Instructional Material Centre dis¬ 
played text materials and the various 
pieces of equipment developed under 
lire experimental project in an exhibition 
organised by the All India Science 
Teachers Association during its Annual 
Conference at Gauhati. The Instruc¬ 
tional Material Centre Organised a lec¬ 
ture on teaching of Chemistry through 
tested overhead projections by Prof, H, 
Alyea of the Princeton Universilv 



Books for 
Your Science 
Library 


Modern Elementary School Science—a recom¬ 
mended sequence. willarD l jacodson and 
harold e. tannendaum published by Bureau 
of Publications, Teachers College, Columbia 
University under the series Science Manpower 
Project Monographs, 

Modem Elementary School Science 
is the final volume in the Science Man¬ 
power Project series whrch includes re¬ 
commendation for Junror Ilrgh School 
Science, and for Biology, Chemistry and 
Physics in the Senior High School, The 
purpose of this monograph is to indi¬ 
cate directions for strengthening the 
elementary school science—a subject 


that has giown so much in impoitance 
as to be regarded as the fourth R of 
elemenlaiy school instruction. 

The authois propose a two-dimen¬ 
sional progiamme of science experien¬ 
ces foi children. In the flexible dimen¬ 
sion, the piimary concern is ‘with the 
interests and needs of children as ex¬ 
pressed tlnough their question and con¬ 
cerns’. In keeping with the flexible 
quality of the piogramme, the authois 
have laid down guidelines which are 
suggesLive lathei than pieseriptive, The 
flexible dimension gives scope for indi¬ 
vidualization of msliuction (tlnough 
children’s questions as basis for scienti¬ 
fic investigation) and its integration 
with othei subject areas. 

The planned dimension of the science 
piogiammc ofFeis opportunities to ex¬ 
plore the vaiious areas of science. The 
planned dimension scivcs as a guide in 
the puichase of equipment, hooks etc., 
it provides the fnunewoik for the total 
piogramme. 

The bulk of the hook is the chapter 
tin ee —An elementary school science 
progiamme running fiom 3] to p, 144, 
After describing the geneial plan of a 
two-sided approach (the flexible and 
the planned) to cumculum, the authors 
give on p. 43 a general scheme foi elp- 
mcnlary science instruction. Under¬ 
standings are developed around six 
broad areas, (i) The earth on which we 
live (ii) Healthful living (Hi) The earth 
in space (iv) Machines, materials and 
energy (v) The physical environment 
(vi)' The biological environment, A 
gradewise breakup of topics from kin¬ 
dergarten to grade vi is also provided. 

The discussion of each topic starts 
with a broad definition of the scope of 
the subject-area, and a number of very 
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useful suggestions for pioviding the ap- 
propriate science experiences. The 
suggestions for activities though not 
daboiato are quite practical. 

The important generalizations of each 
subject-area are listed scpaiately. This 
is followed by set of key-questions ser¬ 
ving to stimulate fatal and inquiry. 

Cliaplci 4 deals with Administrative 
Organization, which is held to be very 
important m controlling the quality of 
experiences in science, Three schemes 
for organizing school science have been 
discussed, (i) the classioom teacher tea¬ 
ches science, (ii) an elementary science 
teachci teaches science (iii) the class¬ 
room teacher-science consultant team 
together develop the science piogramme. 
This last scheme is considered to bo the 
best since it combines the advantages 
of both the previous methods, The 
familiarity of the class teacher with the 
child and the familiarity of the consul¬ 
tant with the subject aie both put to 
best advantage under this scheme of 
organization, 

Chapter 5 is on ‘Materials and facili¬ 
ties’, The equipment and supply list 
is very ambitious and unpractical at 


least for all but a few of our primary 
schools, The primary school teacher 
has to select (or improvise) articles 
within his/hei means. 

i 

Chapter 6 is on evaluation, It dis¬ 
cusses ways that can be used to deter¬ 
mine the relative ellectiveness of the 
educational experience and to find ways 
lor imploring piogramme, Evaluation 
would help to strengthen the pro- 
guunmc on the basis of past experience, 

The title for the seventh and the last 
chapter is Elementary School Science 
foi tomorrow. As was expected, the 
discussion is with reference to Ameri¬ 
can conditions. Yet, it is instructive 
and mspning to go though some por¬ 
tions of this chapter e.g., discussion of 
the suggested goals for pre-semce edu¬ 
cation of elemcntaiy school teacher on 
pages 188-100. 

The book would In* extremely useful 
for teacher educators and curriculum 
planners in science, There am not 
many good books by Indian authors on 
this subject and this book will be a nice 
addition, 


B. D. Atreya 



From the Editors 


O N this page which will fiom now on he a regular featuie of School Science 
we intend to discuss with our readers eontempoiary and significant events 
in the world of science and science education and, even moie important per¬ 
haps to us editois, the journal itself We would also request our readeis to 
wnte to us their views and comments on any issue or problem in science or 
science education that they wish to bring to the notice of fellow readers, 01 
their suggestions regarding this journal. We shall be glad to publish such 
letters, subject of couisc to considerations of space. 

This issue of School Science has come out very late For this there are 
numerous leasons. Bui lather than attempt an explanation 01 apology, we 
would like to assuie oui readers that future issues will leach them much 
more punctually. 

Despite its lateness, liowovei, this number of School Science maintains 
the usual quality and variety in its conlents, The coveiage ranges from a 
novel classroom experiment in acceleration to a discussion of the lelative 
ides played by heredity and environment in man. Bin a Ghosh, Asok Sinha 
and B D. Nag Chaudhuii of the Saha Institute of Nuclear Physics describe 
an apparatus used by them to demonstrate acceleiation, and they have solved 
the most difficult problem m such experiments—Lire measurement of time. 
S. L. Tandon, in Heredity and Environment in Man offeis a very revealing 
discussion of this fascinating subject. In the field of chemistry, Anthony 
Tucker’s Catalysis and Chemical Kinetics leads us nearei to an understand¬ 
ing of the complexities of the catalytic process, which to this day are not 
fully clear although the term ‘catalyst’ was coined by Berzilius over 130 years 
ago. Of special interest to teachers would be the third article in the series 
by B. Sharan, which deals with the more important aspects of practical Pain¬ 
ing in physics. Again, in Place of Museums in Science Education , V, S, Agarwal 
tells how museums can be utilized in teaching the biological sciences; 
he describes particularly, and in detail, how the topic ‘Propagation’ can be thus 
taught In An Experiment on Science Education A. G. Bhattachurya of the 
East India Laboiatory, Calcutta and A. K. Ghosc of the Bose Institute, Cal¬ 
cutta, describe an experiment in teaching the topic ‘Cuncut Electricity’ to 
students in the age-group 13-16 years. The most striking features of the 
experiment were that attendance was voluntary and the participants them¬ 
selves devised experiments to test the various principles and laws that were 
studied. 

In science, as indeed in the humanities, peiliaps the highest honour and 
recognition of outstanding talent and woik is the Nobel Prize, and in his 



article Science Nobel Laureates, R. K. Datta gives a vivid account of the lives 
and work of the 1967 Nobel Prize winners in physics, chemistry and neuro- 
physiology. 

As for science abroad, the focus in this issue of School Science is on 
biology teaching. One of the most important science education projects 
currently under way is the Nuffield Project in the U.K., and two articles in 
this issue describe the work being clone on biology teaching in this project, 

In India, perhaps the most significant project in science education is the 
Project for Improvement of Science Teaching in Schools being conducted 
by the National Council of Educational Research and Training. In our regular 
features News and Notes, readers will find an account of the further progress 
made in this project, and of its Summer Course for the science teachers of the 
experimental schools. 

Finally, we carry the results of this year’s National Science Talent Search 
Scheme examination. For our young student readers, this will perhaps be the 
most absorbing feature in this number. 



Reorganization of 
Practical Training 
in Physics-III 

B. Shahan 

Indian Institute of Technology 
New Delhi 


T T is often complained that the stu- 
dents do not take interest in ex¬ 
periments. The reason is, they get the 
necessary material and never feel the 
necessity of thinking. For an effec¬ 
tive performance, an experiment 
should be preceded by the following 
questions: 

i) What is the main physical 
quantity to be determined? 

ii) Can the main physical quantity 
be determined directly, or is it 
to be determined by measuring 
other quantities? 

iii) What are the other quantities 


The former two papers {Sharan 
1967a, 1967b) considered the non¬ 
absoluteness of measurements and the 
various forms of averages. The present 
paper deals ivith the more important 
aspects of practical training. These in¬ 
clude introduction of preparatory 
questions which help in finding opti¬ 
mum conditions and choosing one’s 
own apparatus, determination of laws 
from graphs, analytical and practical 
methods of drawing the best straight 
line and tangents to a curve. The 
emphasis is more on discouraging the 
‘cookery book' system and to encourage 
the power of thinking through the 
most efficient use of the knowledge at 
one’s command. A number of practical 
examples have been given to illustrate 
the viewpoint. 


and what is the functional re¬ 
lationship between the main 
quantity and tire other quanti¬ 
ties? 

iv) Which quantity needs to be 
measured with the highest pre¬ 
cision? What is the order of acc¬ 
uracy desired? 

v) What instruments and methods 
are available for measurement? 
What are their accuracies and 
which instrument will be most 
suited for the work? 

For answering most of the above ques¬ 
tions, the exact functional relationship 
between the various quantities must he 
known or determined by dimensional 
analysis. The quantity which needs to 
be measured with the highest preci¬ 
sion is the one which is small in 
magnitude and has the highest power 
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in the formula. This is the most im¬ 
portant quantity. There is no gain in 
measuring other variables with an acc¬ 
uracy better than the most important 
'one! 

Experience tells us that the students 
learn to appreciate the idea of acc¬ 
uracy only after solving a few pro¬ 
blems on percentage error. A very 
simple problem is suggested below: 

problem: Let the true values of two 
quantities a and b be 10 and 
5 respectively, Now, if the 
measured values of a and b are 
10.1 (error 1%) and 5.5 (error 
10%) respectively, what is the 
percentage of error m the pro¬ 
duct ab? Is it less than 1%7 Is 
it. less than 10% (error corres- 
. ponding to the most inaccura¬ 
tely determined quantity)? If, 
the measurement of a is im¬ 
proved to 10 , 01 , does it improve 
the error m the product? 

The case may he similarly extended 
for a product or quotient obtained by 
multiplying or dividing one by two or 
more terms. In each case it turns out 
that the minium error is greater than 
the error in the quantity least accurate¬ 
ly determined. It is proved much 
more easily by using differential cal¬ 
culus. 

Determination of Optimum Conditions 
for Maximum Accuracy 

When there are two or more varia¬ 
bles to be measured, for best results, 
all of them should be measured with 
the same precision. Sometimes, there 
are interdependent variables in which 
one is inversely proportional to the 
other. For a. two parameter case, the 
relationship becomes hyperbolic in 
form i.e. 

xy= constant 

Such a case is of special interest, be¬ 


cause an attempt towards a better acc¬ 
uracy in one is offset by the corres¬ 
ponding dimunition in the second. 
Below are given some examples to illu¬ 
strate the viewpoint. 

I. Suppose, it is desired to measure 
a given value, say 10 ml of 
water with an accuracy of 1% 
by means of a glass jar, It is 
further assumed that we can 
determine the radius of the jat 
accurately to l/10th of a milli¬ 
metre by a vernier callipers and 
height of the water column to 
l/10th of a centimetre by a 
metre scale. What should be 
the optimum diameter of the 
jar? It is clear that if we in¬ 
crease the diameter for better 
results, the height of the water 
column would go down and up- 
set the effort for a belter acc¬ 
uracy, A compromise value 
can be found as shown in 
Table I. 


TABLE 1 

Showing how the accuracy in h demands onr 


/* 

in cm 

% error 
in cm 

It 

in cm 

% erroi 
in h 

Volume 
in mi 

0.1 

10 

100 

0.1 

10 

1.0 

1 

10,0 

1 

10 

20 

5.5 

0.5 

4 

10 

5.0 

0.2 

0.4 

2,5 

10 


The optimum radius of the jar is 
1 cm for this case, and this gives 
the minimum error in the mea¬ 
surement of volume. 

2. Similarly, in the surface tension 
experiment' by the capillary rise 
method 
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Radius X Height of capillary= 
Constant. Accordingly, the size 
of the capillaries required for 
various liquids would be 
different. 

3. In a Young’s modulus experiment, 
the attempt to determine more 
accurately, the radius of a wire 
by increasing its diameter is 
nullified by a corresponding 
dimunition in the elongation. 

4. In specific heat measurements, 
if one tries to increase the quan¬ 
tity of water in the calorimeter 
for a more precise measurement, 
it leads to greatei uncertainty in 
the temperature—laiger the mass 
of water, smaller is the rise of 
temperature. 

These difficulties will have to be 
tolerated in the experiments where the 
aim is to study the variation of one 
quantity with respect to the other e.g. 
Boyle’s law, image and object position 
experiments in optics, frequency vs 
wavelength measurements in sound 
etc. 

To make sure that the students come 
prepared to the practical class, they 
may be given in advance, sheets of pre¬ 
paratory questions which they may be 
required to solve and submit j'ust after 
their coming to the class. The ques¬ 
tions may relate to: 

i) meaning of the technical terms 
like least count, back lash etc., 

ii) purpose of the instrument and 
the functions of its various parts, 

iii) errors invloved in the experi¬ 
ment, 

iv) any practical difficulty which the 
teacher might have met while 
setting up the experiment, 


v) ordeis of magnitudes involved in 
the quantities to be measured, 
which may help in the selection 
of the proper apparatus. 

A set of a few typical questions on 
some selected experiments is given 
below: 

Copper voltameter (for E.C.E. of 
copper): What do you mean by 
the term current carrying capa¬ 
city of a conductor? What should 
be the resistance specification of a 
rheostat for drawing 1.2 ampere 
current from a 2 volt accumulator 
(about 1 ampere current is need¬ 
ed for electrolysis)? 

Seebeck Effect: What should be 
the minium sensitivity of a galva¬ 
nometer required for the experi¬ 
ment? 

Thermal Expansion or Bending of 
Beams: What should we use, a 

galvanometer, voltmeter or an 
ammeter for detecting that the 
spherometer has just made a con¬ 
tact with the beam? Remember, 
that a metal beam has practically 
no resistance. 

Surface Tension: What is the opti¬ 
mum size of the capillary required 
for measuring surface tension of 
water at 20 °CP 

Here, it is assumed that the students 
are already exposed to a wide variety 
of measuring instruments in various 
ranges, and have a sufficient knowledge 
about their precision. For example, 
least counts of vernier callipers, screw 
gauge, an ordinary galvanometer are of 
the orders of 0.1 mm, 0.01 mm and 
one micro-ampere respectively. 

The students at this stage, may fur¬ 
ther be instructed about some of the 
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important precautions to be observed 
while carrying out various measure¬ 
ments viz; 

i) As far as possible, the instru¬ 
ment should not disturb the 
state of object under which 
it is to be investigated, 

ii) The instruments should be mov¬ 
ed or operated with delicacy and 
not with Herculian hands. 

iii) The balance point in a Metre 
Bridge or any other experiment 
should be approached from both 
the sides. A simple A.C. mea¬ 
surement of conductivity of an 
electrolyte by using a Post Offi¬ 
ce Box (Kohlrausch Bridge) 
should bring the point home 
(Smith 1959) The same is true 
about the image positions in any 
optical experiment. y The mean 
of the two readings gives a more 
realistic value. 

iv) In all electrical experiments, the 
connecting wires must be short. 
This point is overlooked in gen¬ 
eral as is to be witnessed in the 
use of long and thin flexible 
wires in Metre Bridge or Post 
Office Box experiment, by most 
of the students in majority of 
the practical laboratories. 

v) In experiments, where the order 
of magnitudes of the quantities 
to be measured are not known 
in advance an approximate 
value should be obtained first. 
Rough focal length of a convex 
lens is immediately known, by 
focusing the rays from a bulb 
or sun on a piece of paper. 

vi) The position of minimum devia¬ 
tion in a prism spectrometer 


may be first located by eyes and 
then by the telescope. 

Graphs and Graphical Experiments 

Graphical experiments concern with 
the variation of one quantity with res¬ 
pect to the other by keeping others 
constant. They have to pass through 
three stages, performance, plotting and 
evaluation before any conclusions can 
be drawn from them. 

Performance• It is advisable to 
make an exploratory trial first for some 
values of x in the range to be investi¬ 
gated and draw a rough plot. It serves 
two purposes, firstly in fixing up the 
upper and the lower limits of y and 
secondly, in the selection of the por¬ 
tions of interest. The limits help in de¬ 
ciding whether or not the same meter 
can be used in the entire range. 

The interesting portions are those 
where the curve takes a sudden turn 
and the slopes are steep, here a large 
number of closely spaced readings are 
required. In all graphical experiments, 
as a rule, the curve should be traced 
back i.e, the readings should be taken 
for x increasing as well as for x de¬ 
creasing. This is firstly, to discover, 
if there is any hysteresis effect and 
secondly for averaging out the values. 
This is the reason why in the experi¬ 
ments like Young’s modulus and 
modulus of rigidity the readings are 
taken when the load is increasing as 
well as when it is decreasing. In B— 
H curve (magnetic induction vs mag¬ 
netic field), it is well known that the 
ascending and the descending portions 
of the curve are different. A similar 
effect is observed in the case of the 
thermal expansion of glass. 

Plotting: After the desired number 
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of observations have been taken they 
should be immediately plotted. The 
obvious advantage of plotting is that 
the whole natuie of variation flashes 
out at a glance which otherwise may 
not be apparent from the actual values 
of the variables. It allows to give 
weightage to more accurately detei- 
mined reading. The obvious dis¬ 
advantage is the accuracy lost in plott¬ 
ing. In plotting the following points 
should be taken care of: 

i) there are reasonable number of 
points which made the graph 
valid. The quantities which can 
be measured more accurately 
than can be read on a graph are 
not plotted e.g. mass and time, 

ii) the scale has been chosen pro¬ 
perly, such that it neither 

magnifies nor diminishes the acc¬ 
uracy of measurements (if y is 
varying very rapidly say by 
factors of 10 for small changes 
in x then log y may be plotted 
against x, vapour pressure va 
temperature is one such 

example), 

iii) each point is encircled or 

crossed and is accompanied by 
a vertical bar which indicates 
the uncertainty in the position 
of the point, 

For a purely pictorial representation 
and qualitative discussions, only psy¬ 
chological appeal should govern the 
choice of the scale. However, this 
does not apply to experiments where 
we aie mostly concerned with 
precision. 

iv) whether the curves should pass 
through the origin or not (some¬ 
times it may be inconvenient to 


show the point (0,0) for it 
involves waste of papei or an 
awkwaid scale; in such cases 
oiigin is transferred to some 
convenient point); 

v) the graph through the points is 
drawn in such a way that the 
points appear equally scattered 
on both sides of the curve and 
finally, 

vi) the axes are marked clearly, the 
name of the quantity plotted 
(or its symbol) is given along- 
with the axes scale is neatly 
mitten and if possible caption 
of the graph is given. 

The piocedure (v) is based on the ass¬ 
umptions that y is a continuous func¬ 
tion of x and the errors are random 
i.c. the number of errors with the 
positive sign are as many as with the 
negative sign. Strictly speaking, the. 
method of ‘best lit’ is applicable only 
to straight lines. For drawing the 
straight line it is better first to fix up 
the centroid (x,y), where x and y are. 
the means of the x and y coordinates 
of all the plotted points, A straight 
line is now drawn through the centroid 
such that the rest of the points lie 
evenly distributed on both sides of the 
line. 

If the curve is not a straight line, a 
flexible celluloid knitting needle may 
be used to draw the curve smoothly. 
If necessary, the curve may be divided 
into small portions and the knitting 
needle is fitted suitable to each por¬ 
tion. It is a good maxim to follow 
that the curve should always be drawn 
first lightly with a fine pencil so that 
erasing and redrawing is possible 
afterwards. 
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The smoothness of the curve may be 
tested by holding the paper so that the 
eye lies almost in the plane of the 
paper, On looking at the curve, along 
its length from this position of the eye, 
even small angularities become clearly 
visible and can be easily located. These 
angularities should then he smoothened 
and the process of retesting be conti¬ 
nued until every part of tlio curve is 
satisfactory. If necessary, firm line 
with a sharp and haid pencil or in 
ink may now be drawn, 

It may bo remarked that the free 
hand method gives a smooth curve i.e, 
one with as few points of inflexion as 
possible. Further, the ‘eye 1 method 
works well when there is a small num¬ 
ber of points of fairly high precision. 
When there are a large number of 
points of low precision, the ‘eye’ me¬ 
thod becomes uncertain and it is better 
to use analytical methods. The me¬ 
thods of least squares applicable to 
straight lines is discussed later in this 
section, For ‘chi-square’ tests etc. 
used for general curve fitting, standard 
texts may be consulted. 

Sometimes, people also use French 
curves for curve fittings. However, 
their use is not to be recommended 
because they may give unreal shapes to 
the curve in its various parts. 

There is a large number of plots, 
choice of a particular type is dictated 
by -the purpose, which it is required to 
serve. Eight types of plots which are in 
general use are; 

i) pictorial: which merely show 
the variation of one quantity 
with respect to the other, 

ii) linear: which are used to get 
some definite quantitative in¬ 


formation about the experiment, 

iii) log: when y is varying very 
rapidly with x, (as in vapour 
pressure us. temperature curve) 
it is preferable to plot log y 
against x, 

iv) polar: for radial or directional 
distribution (e.g, ladial varia¬ 
tion of intensity round an 
electric lamp, magnetic and 
electric lamp, magnetic and 
(.■ring of particles by a nucleus, 
shock waves around a centre of 
explosion), 

v) family of curves: for showing 
the effects of a thiid variable 
e.g. isothermals in Boyle’s law, 
characteristic curves of a triode 
valve, 

vi) contour: for showing the con¬ 
stancy of a third variable in all 
the directions e.g. isobars, iso- 
gonic lines, isothermals of the 
globe, electron density maps in 
X-ray analysis, 

vii) alignment, ordinal y intercept 
and cot relation charts: for show¬ 
ing the effects of many vari¬ 
ables. For details and illustra¬ 
tions Hose (1942) and Spangen- 
berg (1957) may be consulted. 

viii) lest plots: for verifying or 
magnifying departures fiom for¬ 
mulae which otherwise may not 
be apparent e.g. Pv vs P and 
Debye vs T plots in Boyle’s law 
and specific heats of solids 
respectively, 

Each graph has some features and 
each feature should reveal some physi¬ 
cal property and therefore, they should 
be noted. Below are given some fea¬ 
tures whose knowledge is also essential 
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for the tracing of the curves: 

(a) Geneial nature of the curoe. 

It may be linear, quadratic (time of 
swing of a pendulum), cubic (sag of 
a loaded beam), hyperbolic (P os V 
in Boyles law) exponential (charging 
of a capacitor) symmetrical, periodic 
etc. It helps in guessing the equation 
to the cuive and discovering the law 
existing between the related quantities. 

(b) The portions in which it is straight 
and especicdly parallel to one of the 
axes. 

That region in which, part of the 
curve remains say paiallel to the axis 
of X, tells that y lemains constant there. 
For example, magnetic field beLwecn 
a pair of coaxial coils of a Helnholt 
galvanometer remains constant. 

(c) Saturation-. 

A slightly different form of (b) is 
the exponential .curve. Here y stays 
practically constant over large values of 
\ i,e. y does not change appreciably 
for various values of x beyond a certain 
value. The examples are charge and 
discharge of a capacitor, radioactive 
decay etc. 

(d) Turning Points: 

These are the points on the graph 
where the slope changes sign. These 
may give rise to maxima, minima, 
points of inflexion. For example, res¬ 
onance corresponds to maxima in a fre¬ 
quency response curve, power deliver¬ 
ed from a battery is maximum when 
the external resistance is equal to the 
angle of deviation plot point of inflex¬ 
ion occur in a Gaussian distribution and 
in a beam uniformly loaded through 
total internal resistance of the battery, 
one determines angle of minimum de¬ 
viation from a angle of incidence us 


out (Rose 1958), in the latter case it is 
also called point of contra-flexme. 

(e) Discontinuities or Abrupt Changes 

of Slopes: 

These indicate a large change in the 
value of one of the variables for a 
small variation of the other quantity. 
In Helmholtz galvanometer, thcio is a 
steep diop in the magnetic field out¬ 
side the coils. Point transitions in 
specific heats and discontinuities in X- 
iay absorption edges are well known, 

(f) Intercepts along the axes: 

The point or points at which a curve 
intersects the axes help in deducing the 
form of the equation and the evalua¬ 
tion of some of its constants, 

(g) Points where the graph terminate: 

Angle of incidence vs angle of mi¬ 
nimum deviation plot in a prism spec- 
tometer experiment may indicate the 
positions of total reflection. 

Nowq we lake up the application of the 
various types of plots. A pictorial or 
natural plot can bo used for one of the 
following purposes. 

(i) Interpolation-. i.e. determining 
the value of one of the quantities y for 
a particular value of the other quanti¬ 
ty x e.g. from a boiler one can find 
from the consumption of coal vs, lime, 
curve, the hour of the day when the 
consumption of the coal is maximum. 
Some of the other similar applications 
arc calibmtkm curves drawn between 
the corresponding readings of a thermo¬ 
couple and a standard thermometer, 
determination of density at any tem¬ 
perature from a density versus tempera¬ 
ture plot, values of interplaner spacing 
from Gnomonie curves (d vs. O plot), 
structure factor in X-ray analysis from 
f vs. Sin plot, for a scaling up or down 
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by a constant factor the marks of .stu¬ 
dents. 

(ii) Extrapolation: It means finding 
the value of y for any such value of x 
which does not lies on the curve, In 
such cases, the curve beyond tho drawn 
region is extended according to its 
visible trend, The examples are the 
determination of absolute zero from 
Charle's law and lattice constant a for 
the glancing angle 0=0 from, a vs 
Cos 2 ) plot in X-rays. 

(in) Cut-off: Intensity us. wavelength 
in X-rays and stopping potential us. 
wavelength in the case of photoelectric 
effect yield, Duane Hunt limit and the 
threshold frequency respectively, 

(iv) Calculation of intercepts and 
slopes: In a resistance vs. temperature 
curve 

R ^Rod-a^+ajlM-aat- 1 ... 
tho intercept on the resistance axis 
gives directly R (1 and I/R 0 x slope the 
value of the temperature coefficient of 
resistance at a particular temperaturo 
A platinum resistance thermometer, or 
a torch bulb may be chosen for this pur¬ 
pose. 

Datta (1962) has discussed the de¬ 
tails of such a method in the case of 
thermal expansion measurements by 
X-rays. Similarly, the value of the in¬ 
tercept along tlio E-axis, slope at tho 
minimum of an internal energy (E) us. 
entropy (S) curves gives directly the 
value of the free energy (F=E—TS) 
and the transition temperature (Seitz 
1940) for a particular phase, 

It is difficult to determine slopes, 
especially at a point where the 
curvature is large e.g. time us. gal¬ 
vanometer deflection in Stefan’s con¬ 


stant (Worsnop and Flint 1960), It is 
usually easier to draw a normal at the 
desired point and then to construct the 
tangent at right angles to the normal. 
The normal may be located by minor 
(Daish and Fender 1959) or by a 
piece of capillary tubing (Llowarch 
1967). 

(v) Area under the curve: For ex¬ 
ample areas under a hysteresis curve, 
c.m.f us charge, in a thermoelectric 
diagram, within an indicator cycle 
(pdv or f (x)dx in general give the 
value of tire work done. 

For finding out the area under any 
curve there arc three methods, count¬ 
ing the number of squares, employing 
trapezoidal rule or simpson’s rule. In 
both tho latter methods, the area under 
curve is divided by equally spaced 
ordinates, According to tire trapezoi¬ 
dal rule 

area = ^ y start 4y s + 2y„ + 
.y-b end) 

Where h is the difference in x-coor- 
dinate between successive y-values, 
Here, except the first and the last terms, 1 
all the middle terms are multiplied by 
2, In Simpson’s rule 

area= (y start+4y 4 -f 2y a -t-.... 

2y, [• 4y e -fy and) 

Here, first and last terms are multiplied 
by unity, whilo the intervening terms 
are multiplied by 4. and 2 alternately, 
finishing with a 4 because an odd num¬ 
ber of terms is used, 

For many quantitative evaluations, it 
may be desirable to reduce a curve to 
a linear form by a suitable introduction 
of new variables. The obvious advan¬ 
tages of a linear plot are ease in: 
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interpolation 

extrapolation 

determination of slope and 
intercepts along the axes. 

One chief disadvantage of reduction 
to lineal form is that it suppresses many 
of the important features of the origi¬ 
nal plot. Some of the features which 
disappear in the case of a compound 
pendulum have been mentioned later. 

It may he remarked that in many 
cases both types of plots are necessary 
for a complete understanding of a 
phenomenon. An excellent example is 
provided by the experiments on ioniza¬ 
tion and excitation potentials (Wehr 
and Richards 1960), where it is essen¬ 
tial to use a linear plot for the former 
and a pictorial one for the latter. 

The transformation to the linear foim 
can be discussed under two headings 
when the form of the function is known 
and when it is unknown, (i) Deter- 


period at l=k. 

2. symmetry i.e. periods are equal 
on either side of 1= +k and further 
that there are four points of equal 
periods, and that 

3. Giaph terminates for these two 
values of I which correspond to the 
distances of the ends of the bar pen¬ 
dulum from the C. G. 

It has already been mentioned when 
there is a large number of points, each 
of low precision, the eye method be¬ 
comes uncertain. A large number of 
straight lines, with slightly different 
slopes appear to be equally probable. 
If it is assumed that the errors are all 
random than the best fit is obtained by 
employing the method of least squares, 
The outline of the method is given be¬ 
low: 

We have a set of observations 
( x ( , y { ) through which it is intended 
to fit a linear relation 


inination of the constants of an equa¬ 
tion when the form of the equation is 
known: 

(a) Consider the expression for a 
bar pendulum 

-r 2 l 2 +k 2 \ 

lg 

Where g and k are unknown. Squaring 
gives 


f2 _|_ 


4 2 k 2 
g 


or y—mx+b 

. 4 2 4 2 k 2 , 

where m =-, b =-- - 

g g 

from which g and k (radius of gyra¬ 
tion) both can be determined. 

It may be noted that the linear plot 


corresponding to eq (2) conceals the 
following features of T vs. I plot: 


y—mx+b 

It is assumed that each y is equally 
reliable i.c. has the same statistical 
weight, each xi is precise and all the 
errors are only in y*. Now, the best 
straight line is one for which die error 
is minimum. It is obvious that if the 
errors are random, sum of the errors 
in y i.e. y { will always be zero, hence 
we try to minimise the sum of the 
squares of the errors. Writing: 

y<—y< (ittxj+b) 

and ( y ( ) 2 =>y 2 H-m 2 x 1 2 [ b 2 +2mx<b 
—2mx<y<—ey<b 

We get, for the sum of the errors. 

M= (yd 2 —yM m 2 x, 2 +b 2 +2mb x, 
—2m x,y,-2b y { 

The condition for the minimum value 


1. there is a minimum in the time of M with respect to m and b arc 
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M „ , M ,, 

* - — O and p— - - () 

m b 

Tlie first condition gives 
2m x ( - ; 2b X(~2 (x,y,) - O 
The second 
2nb 1 2m Xj 2 y, 0. 

The simultaneous equations yield the 
best values of m and h as 
_ n (x, y,) ~_Xj y, 
nV-(Xf) 4 

h - — ' ( x q)’<) 

n x, 2 ~ ( X( ) 2 ' 

Standard deviations for in and b can 
he found in the usual way (Baird 
1962). We once again emphasize that 
here, ( Xf, y,) is the r ill observed 
value, 

The method gives us the best aver¬ 
aged value of the constants and saves 
us from the botheration of finding the 
average value from a number of obser¬ 
vations. For example, (period) 3 vs, 
length curve of a simple pendulum can 
be used for finding the mean value of 
the acceleration due to gravity. 

Firstly, it may be remarked that 
after all these steps, one should not 
expect un accuracy better than what 
the instruments can read. Secondly, 
reading of the slopes directly from the 
graph for 45° is not to be recommend¬ 
ed, as 0 approaches 90°, a slight error 
in the reading leads to a great error 
in the value of tire slope, For 0 45°, 
only analytical methods should be 
used. 

(b) The thermionic current density 
emitted from filament is given by 

J—A-Pcxp (-£-) 

Where A and O are unknown. Trans¬ 
forming it to the forin In J 


In.p m In A =- 
or y~b-mx 

J O 

where y—-In .p and m — — 

A and O both can be determined. 

(c) For a radio-active deary 

Ns=Noe t 
Jn N = In No -- t 
or y i_ b — x 
gives both and No. 

A similar plot will hold for In of in¬ 
tensity t’.r. thickness of the absorber for 
x-ray and y-ray absorption experiments, 
In of number of disintegration vs, half 
life or mean life for cosmic rays, and 
In of energy vs. range for —particles 
(Halliday, 1950 pp. 146, 452, 146). 

(tl) Log-log plots are very liberally 
used in Nuclear Physics and Cosmic 
Bays, c.g. in In cross section os. In en¬ 
ergy of the incident particles, In fission 
os. In mass number. In meson cmissivi- 
ty vs. In momentum of incident cosmic 
rays (Ilalliday 1950 pp 226, 229, 232, 
249, -108, 446). 

Coses Involving Three Unknown 
Constants 

Suppose function has one of the fol¬ 
lowing forms: 

1. (a) y 5 = bx"-;-u 

Some of its special forms are 
y=ax+b, y=a-j-b/x, y*=a-bbx 2 , 
y=>ax” and 
(b) y=a (x-)"b) n 

2. A quadratic or parabolic from 

y^aH-bx-l-cx 2 

3. y=a-j-be ,,M 

4. A periodic form 

y=e- fl * Sin (bx+c) 

All' these equations involve the find¬ 
ing of the three constants a,b,c (or n). 
In some i special cases one of the 
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con slants may be zero which will make 
the task easier. The following helps in 
airiving at the correct form of the equ¬ 
ation and consequently the course of 
transformations to be adopted for the 
plot. Note the nature of the curve, see 
whether it is parabolic, periodic, mono- 
tonically increasing or decreasing or is 
symmetric. The first two should have 
the relationships of types 2 and 4 res¬ 
pectively. A montonically increasing or 
decreasing curve tells whether the ex¬ 
ponent n is positive or negative and 
the symmetric nature decides that the 
poweis are even. Now, the intercepts 
along the axis of y and x aie seen, the 
former gives the value of the constant a 
in 1(a), 2 and 3 and the latter of b 
and c in 1 (b) and 4 respectively. If 
either of them is zero the curve would 
pass through the origin. The periodi¬ 
city of the curve gives the value of b 
in 4 and consequently by choosing any 
point on the curve a can be determin¬ 
ed. Similarly, any two points in 2 
yield the values of b and c. Now, for 
deciding between 1(a), 1(b) and 3 the 
following transformations are made. 

In (y—a)=In b+n In x for 1(a), 

In (y—a) =In b-fnx for 3, 

Here a plot of In (y—a) vs. In x in 
the first, In y vs. In (x+a) in the second 
and In (y—a) vs x in tire third case 
would give a straight line and hence 
from the slopes and the intercepts the 
constants b and n are obtained. 

A word of warning is necessary con¬ 
cerning the plotting of logarithmic 
values, The mantissa of a logarithm is 
always positive whereas its characteris¬ 
tic may be either positive or negative. 
The trouble is avoided by first marking 
the characteristics on the log axis of 


the graph and then putting the mantis¬ 
sa as always increasing from the nega¬ 
tive to the positive direction. 

2.0 2.5 1-0 1.5 0.5 1.0 1.5 2".0 

For a very general form of a curve 
special methods are needed. Some 
special general forms which can be 
treated conveniently arc polynomial 
forms. 

y=a 0 -|-a I x+a 2 x 2 +. . +a,„x w and a 
periodic form y (t)=y (T+t). 

The examples of the former arc equ¬ 
ation of state of a gas in terms of the 
virial coefficients, variation of electrical 
resistance with temperature and of the 
latter arc analysis of a wave (elec¬ 
trical accoustical or optical), vibration 
of strings, daily weather etc. 

It is sufficient to say that m constants 
of a polynomial can be determined by 
solving m simultaneous equations. The 
m equations are set by putting the 
numerical values of x and y of m well 
chosen, widely distributed points of the 
curve. If the points chosen are very 
near they may yield the equation to a 
straight line. Similarly Fourier analysis 
is applied to periodic functions. 

It may further be remarked that nor¬ 
mally it is assumed that y is a con¬ 
tinuous function of x and there may be 
infinite possibilities which may be fitt¬ 
ed and made to pass through a finite 
number of points, In fact, the best 
thing for an investigator is to start 
from the simplest y=const ant', or a 
straight line of zero slope and then to 
go over to the more complex parabolic, 
exponential and logarithmic forms. 

In the conclusion it may bo said tlmt 
if it be possible to design an experi¬ 
ment in which all the variables oxcept 
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the ones under investigation, arc com* 
pletely under control, then in principle, 
the above mentioned methods should 
help in determining the complete func¬ 
tional relationship between the differ¬ 
ent ipmntities. 
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Heredity and 
Environment in Man 

S. L. Tandon 
Dcpai linen t of Botany 
Delhi University 


D ATESON in 1906 proposed the 
name ‘genetics’ for the science con¬ 
cerning heredity and variation. The 
words ‘heredity’ and ‘variation’ mean the 
resemblances and the differences, res¬ 
pectively, shown between the parents 
and their progeny. The fundamental 
principles of inheritance which operate 
m man arc essentially the same as in 
other animals or plants. The study of 
the relative importance of heredity and 
environment in the development of 
human bodily traits and of intellectual 
and emotional faculties has been of 
great general interest. No final and gen¬ 
erally convincing solution of this problem 
has as yet emerged. Traits such as 


alcoholism, criminality, poverty, noma¬ 
dism or their opposites are frequently 
observed to recur in some families gene¬ 
ration after generation and because of 
this are often ascribed to heredity. This 
conclusion need not necessarily follow 
because the facts can often be as well 
accounted by assuming that these traits 
are environmentally controlled. It is 
evident, for example, that a child grow¬ 
ing up in a family in which criminal 
conduct is regarded with favour is more 
likely to fall into delinquency than a 
child in a family in which honesty is ad¬ 
orned, Similarly, social eminence is 
more easily attained in families of wealth 
and refinement than in surroundings of 
poverty and ignorance. 

The most important general restric¬ 
tion on the study of human genetics has 
been the constitution of our society so 
that we are not able to subject ourselves 
to rigorous experimental conditions. In 
experiments with other animals and 
plants, the enviionment is kept constant 
so that the effects of genetic differences 
alone arc measured for each type of en¬ 
vironment. The other experiment is 
planned in such a way that different 
genotypes arc kept constant so that the 
effects of environmental differences 
alone can be studied. The term geno¬ 
type is given to a group of individuals 
which show the same chaiacters genera¬ 
tion after generation. In other words, it 
is a distinct and a genetically stable, 
form. In man, isogenic (genetically 
identical) strains are not available for 
such experiments. It is also not possible 
to control at will the environment in 
which the individuals would develop 
their characters. Nevertheless, certain 
phenomenon in man approaches the ideal 
arrangement of an experimental design. 
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Identical twins arc isogenic and permit 
studies of the effects of different en¬ 
vironments, while non-identical twins 
are genetically different and perm l stud¬ 
ies of the effects of different genotypes 
in a similar environment. The identical 
or the one-egg twins originate from the 
division and separation of a single ferti¬ 
lized egg. That is why these are also 
known as monozygotic twins. Members 
of such a pair arc identical, as to genes 
in chromosomes, since the nuclei of their 
cells have arisen by mitosis from a single 
common source. Genes are herediU 
determining particles. The fraternal or 
the two-egg twins result from the ferti¬ 
lization of two different eggs by two diff¬ 
erent sperms. The members of such a 
twin pair are no closer genetic relatives 
than are sills of different birth, fobs are 
offspring of the same parents. 



Photo l. The strlk hit; physical resemblance of 
the monozygotic twins can be clearly seen In 
this case, 


A particularly simple way of scoring 
differences between twins is to consider 
such traits which arc either present or 
absent. The twin pair is regarded as 
concordant when both the members pos¬ 
sess or do not possess a particular trait. 
Discordance in tiffs context would thus 
mean that only one of the members of 


the twin possesses the trait and the othei 
does not. 

The strikingly greater physical simi¬ 
larity between identical twins than be¬ 
tween frateroals indicates that dlls re¬ 
semblance is clue to their identical 
genes rather than to similar environ¬ 
ments which fra toroids also share within 
their mother's body. Identicals arc al¬ 
ways alike in sex, blood groups, hair 
anti eye colour and many other physical 
traits, while fralernals may differ in any 
one of them. This is, in fact, a good 
evidence that heredity is the deciding 
factor in respect to these traits, Even 
more significant are observations on 
identical twins who have been separat¬ 
ed at an early age and brought up in 
different environments. Since identical 
twins reared apart retain their similari¬ 
ties in most physical traits, these, features 
are considered to be relatively indepen¬ 
dent of the* type of environmental influ¬ 
ences encountered after birth, The 
similarity in the physical features of the 
two sisters or two brothers comprising 
an identical twin pair can be so perfect 
that even the parents of the twins may 
find it difficult to distinguish one from 
the. other, It has been observed that 
the members of the identical twins 
show similarity even in such a character 
as tiie type of facial folds in the fore¬ 
head. The skin colour is also similar in 
identical twins. It may, however, be 
mentioned that skin colour of an indi¬ 
vidual can be temporarily influenced to 
some degree, by external surroundings. 
In most of the eases even the finger 
prints of the identical twins are similar 
to each other. 

It has been found, in geneial, that 
pieces of skin taken from one person 
and grafted to another do not remain 
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Photo II. The non-identical nature of the twins 
is evident from physical dissimilai ity of 
the two boys 

healthy but slough off after a few days. 
This histo-incompatibihty is clue to the 
genetical dissimilarity in the tissue of 
the donor and the recipient. It has 
therefore become a common practice 
to use the skin of one part for grafting 
to another part of the same body. 
This type of skin grafting is successful 
as the genetical make-up of all the skin 
present m diffeient parts of the same 
body is one and the same. Permanent 
and successful giafts can be obtained if 
the donor and the recipient are members 
of a monozygotic twin. Since identical 
twins have all genes in common, grafts 
from one twin to the other are accepted 
as are grafts from one part to another 
part of the same body. Tissue-grafts 
have been used in deciding the relation¬ 
ship between the two members of a 
twin who had been separated fiom each 
othei and assigned wrong parentage by 
mistake. The skin grafting test was 
used to find out the coriect parentage 
of a boy in Switzerland. Six years after 
the birth of a pair of clearly non-iden¬ 
tical twins, Victor and Pierre, it was 
observed that another boy, Eric, of 
another family had a strikihg resemb¬ 
lance to Victor. The suspicion arose 


that a mistake had been made in the 
assignment of the babies as all the three 
childien were born on the same day in 
the same hospital. It seemed likely, on 
the basis of the physical resemblances, 
that Eiic was the identical twin of Vic¬ 
tor and that Pierre was a single birth 
child belonging to the other family. 
This was pioved coriect by successful 
skin grafts from Victor to Eric and vice 
versa. The skin grafts fiom Victor to 
Pierre and vice versa did not succeed. 
The other circumstantial evidences also 
went in favour of the conclusion drawn 
on the basis or the results of the skin 
grafting test. 

The power of heredity may express 
itself dramatically in identical twins, 
even though they have been brought up 
under diffeient conditions. There is an 
interesting case, m literature of a twenty- 
two year old farmer who refused to eat 
his lunch one day because he thought 
his mother was trying to kill him by 
poisoning the food. Gradually, he. be¬ 
came more and more psychologically 
deranged. Finally, he was admitted to a 
menial hospital as a victim of a disease 
called schizophrenia. Two weeks later 
another person who had been living 
with his aunt at another place for the 
pasL five years was admitted to the same 
hospital suffering from the same disease, 
It turned out that he was the first pati¬ 
ents’ identical twin. It may be pointed 
out hero that studies on twins from seve¬ 
ral countries uniformly show high de¬ 
grees of concordance for schizophrenia 
in identical twins and lower degrees in 
non-identicals. The incidence of schi¬ 
zophrenia, a hereditary mental disease, 
in the geneial population has been esti¬ 
mated as approximately one per cent 
The identical twins', in general, show 
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much more similarity with respect to 
their susceptibility to tuberculosis than 
the non-identicals. The high concor¬ 
dance may also be interpreted to 
mean that if one member of a given 
pair has tuberculosis, the other twin has 
a good chance, of getting the disease. 
The fact that the disease does not 
always strike both die members of an 
identical twin may be considered as an 
indication of die fact that environment 
also plays an important role in the ex¬ 
pression of this character. It has been 
reported that the tumors affect both 
members of a monozygotic twin pair far 
more frequently than they do the two 
members of a dizygotic twin pair, Fur¬ 
ther, the tumor was found to he of the. 
same, type and occurred in the same 
organ far more frequently in the identi¬ 
cals than the fratemnls. The age of 
onset of the tumors was much more 
nearly similar in the monozygotic than 
in the dizygotic. These findings empha¬ 
size the role of heredity in tumor pro¬ 
duction and their age of onset. The 
role of environment in relation to tumor 
production would be almost the same 
as discussed with respect to tuberculosis, 
The studies on the general metabolic 
patterns of the identical twins have 
given some interesting results, In one 
of the investigations various individuals 
were tested for thirlyone physiological 
trails, which included taste sensitivity 
to different substances, die amounts of 
different substances in the saliva and the 
presence of some substances or the pro¬ 
perties of the urine, Identical twins, in 
general, were found to be similar in 
their metabolic patterns. Two other 
physiological traits which have been 
studied in human twins are blood pres¬ 
sure and pulse rate. Concordance to 


the extent of 63 per cent lias been re¬ 
corded for the identical twins with res¬ 
pect to their blood pressure*. The high 
concordance could he duo to genetic 
identity or to the similarity in the en¬ 
vironmental conditions in which the 
twins grew up. The non-identicals 
showed 36 per cent concordance and 61 
per cent discordance The genetic dis¬ 
similarity of the non-identicals may have 
contributed its share to the high discor¬ 
dance. The trend of observations about 
the pulse rate are also similar as the 
ones described for the blood pressure. 
The environment is, however, known to 
have a profound influence on such cha¬ 
racters as blood pressure and pulse rate, 
The studies on the criminal behaviour 
of the members of two types of twins 
have been of great interest. The high 
concordance, of a criminal record in* 
indentical twins may not be due to a 
bad home background alone since con¬ 
cordance in the non-identicals is com¬ 
paratively much lower and non-identi¬ 
cal twins also show a common home 
background. Tire studies on the life 
histories of the individual cases of some 
twins have disclosed that concordance 
in identical twins signifies not only that 
both were at one tune or another in pri¬ 
son hut that the type of crime was even 
quite similar. In many cases, both 
members of an identical twin became 
offenders at a time, after their common 
childhood, when they had no more con¬ 
tact with each other; and non-idcntical 
twins were often discordant even if 
closely associated with each other, The 
high concordance of identical twins for 
many traits which have been determined 

♦The Concordance for blood pressure 
meant agreement of the twins within a 
pressure difference of 5 mm Hg. 
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to have hereditary basis may incline 
one to attribute the gi eater concordance 
in criminality of identicals as compared 
to non-identicals to the identity of their 
genotypes. The greater similarity in the 
environment of identical twins plays an 
important role in this trait of ciiminal 
behaviour. The facts on criminality in 
twins actually show only that identity 
in genes plus the close similarity in so¬ 
cial experiences, at least in early child¬ 
hood, are more likely to bring both iden¬ 
tical twin into prison than two non¬ 
identicals who have non-identity 
of genes plus less similar social 
experiences. On the basis of the pre¬ 
sent data, one cannot exclude the possi¬ 
bility that the higher concordance for 
criminality of identical twins is mainly 
the result of their more social experien¬ 
ces; nor can one exclude the opposite 
possibility that their high concordance 
is mainly the result of their identical 
genotype. Studies on criminal twins 
who have been reared apart from birth 
may help in getting the correct answer 
to this question. It is, of course, quite 
doubtful that a behaviouristic trait like 
criminality should be regarded heritable 
as often the economic conditions can 
lead one to committ a crime. 

It is comparatively difficult to deter¬ 
mine the relationship between heredity 
and environment with respect to intelli¬ 
gence and other mental and emotional 
trails, The identical twins reared apart 
are often quite appreciably different in 
such triats, although still somewhat¬ 
less so than is the case with the fraternal 
twins. Psychological traits seem to be, 
accordingly, more susceptible to envi¬ 
ronmental modifications than are physi¬ 
cal traits. Interesting observations have 
been made on the heredity-environment 


relationship with respect to intelligence. 
This is a cliaiacter which is based on 
the assumption of inherited psychologi¬ 
cal capacities and acquisition of external 
cultural tools. One of the methods to 
find out the intelligence of a person is 
by determining the Intelligence Quo¬ 
tient, commonly known as the I.Q. This 
is measured by the following formula: 

Mental age X 100. 

I Q =__ - ___ 

Actual age 

The mental age of a peison is deter¬ 
mined with the help of ceitam tests. It 
has been reported in one of the studies 
that the average I.Q. difference in iden¬ 
tical twin pairs 1 eared together was 5.9 
whereas the corresponding figure for 
the non-identicals was 9.9 points. 
These observations may suggest 
the importance of heredity. Another 
point which goes in favour of 
the idea of heredity determining the 
intelligence of a person is that tho 
adopted children are, in general, less 
similar to their adoptive parents than 
the own children of a control parent 
group with respect to this character. In 
one of the studies it has been reported 
that the mean I.Q scores of die adopted 
children were related to the quality of 
die adoptive homes. It was further ob¬ 
served that there was a continuous 
decrease in mean I.Q. with descent in 
occupational status of the father from 
professional to the relatively unskilled 
occupations. These facts clearly de¬ 
monstrate the modifying influence of 
home environment on intelligence-test 
behaviour. Aldiough intelligence, as 
measured by I.Q., is influenced by here¬ 
dity; yet education, proper guidance and 
hard work can alter the I.Q. with such 
wide limits that an individual who 
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starts with the I.Q. lower than another 
may eventually catch up and overtake 
him. Then* may he .sonic* correlation 
between .social advantage and higher 
I.Q, but it is smaller than that between 
educational advantage and intelligence 
quotient. An example is provided by a 
pair of identical twin, one of whom was 
brought up in a low income group and 
the, other in the home of a well-to-do 
physician. The two hoys had equal 
number of yea is of .schooling and were 
thirteen years old when tested. In spite 
of the social advantages for the adopt¬ 
ed son of the physician, his I.Q. score 
was practically identical to that ol his 
brother. IIow dangerous it is to gene¬ 
ralize from findings in this complex field 
of human behaviour is shown by a pair 
of English twin brothers who were 
separated early and who lived consider¬ 
ably diircient social environments, 
though their formal schooling was alike. 
In this case, the twin who experienced 
the pooicr environment was 19 points 
higher than his brother. In general, the 
twin studies on intelligence-test beha¬ 
viour show (i) greater similarity in I.Q. 
of identical twins, whether reared toge¬ 
ther or in different homes, than that of 
the non-identical twins reared in the 
same home, (ii) a strong tendency of 
modifiability of the I.Q. score under the 
influence of differences in environ¬ 
ment, 

The striking similarity of monozygotic 
twins in both physical and mental traits 
contrasts with the absence of any such 
close similarity in the dizygotics remains 
a strong support for the view that neith¬ 
er in body nor in mind are men born 
alike. Manners and behaviour are 
doubtless determined very largely by 
cultural influences of the society of 


which the individual is a member. In 
fact the rob* of environment is as impor¬ 
tant as that of heredity itself. For ex¬ 
ample, diabetes is hereditary yet a per 
son possessing the gene for diabetic 
condition may live normally if he takes 
a restricted diet and regular injections of 
insulin. So the "had" genes of diabetes 
are controlled by an artificial environ¬ 
ment of insulin and the persons live years 
beyond their predestined span, The 
diffeieutiation of secondary sex charac¬ 
ters is brought out by hormones, The 
concept of honuonal determination of 
sexual trails is by no means opposed to 
the theory of genetic sex determination. 
In women, lor example, tumors in the 
adrenal gland may cause it to secrete a 
large amount of a male sex hormone, 
lesulting in excessive facial hair growth, 
deepening of voice and other secondary 
male characters. This would evidently 
mean that the phenotypic (external) ex¬ 
pression of a genotype is not fixed but 
depends on the environment in which il 
becomes realised. The relationship bet¬ 
ween heredity and environment, as jud 
ged by some people, has given rise to 
erroneous notions. Assertions are some- 
times made that in man and other mam 
mals, the developing embryo may some¬ 
how acquire a resemblance to objects 
seen by die pregnant mother. This is 
why when the sun is eclipsed some of 
the pregnant women in India prefer to 
remain inside the rooms. It is also beli¬ 
eved by some that the general health of 
the parents may influence the character!- 
sitic of their progeny. These and such 
other beliefs have no scientific founda 
tions. 

In conclusion it may be said that 
characters like colour of the eye, the 
shape of the nose, the type of blood 
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gioup or the sex of an individual aic cneed by enviionmcnt It has been, foi 
ordinarily not influenced by the cnviion- example, reported that the members of 
ment. The susceptibility to a disease an identical twin pair showed a signi- 
like tuberculosis and the development of Scant difference in the development of 
a character like intelligence or the per- their personalities due to the effect of 
sonal temperament can be greatly influ- city and lural brought up. 
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Place of Museums in 
Science Education 

V, S. Agarwai. 


T HE world is becoming museum 
conscious and the older concept of 
museums as store houses of queer ob¬ 
jects has become outdated. Museums 
are now playing a very important role 
in the Held of education in the world. 
In the U.S.A., twenty museums of old 
have now become more than a thou¬ 
sand and every School is encouraged 
to have jts own museum. Thus it is 
very important to make use of museums 
in education for developing multipur¬ 
pose activities of a child, Museums 
are now; the centres of education, 
exhibitions and research in accordance 
with the international concept. In 


India too museums can play an fa. 
portrait rule in the field of school edu¬ 
cation in particular. The biological 
sciences, like botany, zoology can ba 
very successfully introduced to children 
of high schools through museums and 
the most difficult topics can be present¬ 
ed to them in a very interesting manner. 

School children in India consist of 
<t heterogenous mixture of boys/girls 
coming from, rural, uneducated sur¬ 
roundings; from different linguistic 
groups, from areas billy backward 
regions' and tribals. A unifonn type 
of class lessons either based on inductive 
methods or deductive, procedures with 
recapitulation charts will not suffice, 
Further, the teacher very often has to 
face many pioblems such as the varia¬ 
tions in intelligence quotients of differ¬ 
ent children. This would make his pro¬ 
gress in lessons slow, and there will be 
lack of uniformity in the education 
pattern. 

What is a museum? It can be said 
to be a centre of exhibitions of either 
made or collected specimens or objects 
arranged in a scientific manner for 
either educational purposes or research 
or both. Hence the museum includes, 
the collection of objects, pieparation of 
exhibits from the collected and prepa- 
led materials, listing out in a scientific 
manner the various objects, the care of 
the objects, their labelling and finally 
their display, In this paper museum 
meant for educational activities only is 
being dealt with by taking a topic 
‘Propagation'. 

Besides the museum preparation, 
certain other muspum activities are also 
to be carried out under which occa¬ 
sional topical exhibitions, temporary 
arrangement of objects or collections, 
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making of artificial objects and sketches, 
dioramas can be mentioned. For such 
purposes lot of studies are requned to 
be done by a teacher and a little muse¬ 
um training to the teachers will serve 
the purpose. The pupils should not be 
put to hard labour of studying books 
and making notes etc. Here the idea 
of a museum method is to lay empha¬ 
sis on practical woik to create interest 
among students, and not to make them, 
re aliz e that books are burden to them, 
and induce in them a kind of love to¬ 
wards their studies. 

Under the subject “Propagation," it 
is meant to teach them as to how ani¬ 
mals and plants propagate or disperse 
themselves which may include disper¬ 
sal of seeds m plants and natural and 
artificial selections, and the modes of 
multiplication among animals. 

A museum should be organised m 
the following maimer. Students of a 
class can be selected as shown below: 

(1) Students who are very fond of 
outdoor woik. 

(2) Students who have a flare for 
writing, 

(3) Energetic children are enthu¬ 

siastic. 

(4) Children who mix well with others 
social bent of mind. 

They may be assigned the following 
tasks. 

One group could be assigned 
collection work. They could collect 
specimens on holidays, bring them to 
the school, sort them and keep them 
in containers or in the dried form, 

Another group can be given drawings 
of seeds and plants, 

A third group may be given the task 
of labelling and preparing catch labels, 
labels of associate objects, side labels. 


specific: labels and descriptive labels. 

A fourth group assigned for clay 
modelling of those seeds winch could 
not be collected but aie important from 
seed clispei sal point of view. On the 
basis of the capacity of a school, it may 
use microcrystaline wax, plaster of 
paris, etc., in place of clay to get better 
models. 

A fifth group may be enliusted the 
task of taking photographs of trees, 
plaints etc. whose seeds are dispersed 
m a different manner and the teacher 
may guide them on this matter. Here 
they can also be made to learn, develop¬ 
ing and printing as well. 

The last group may be asked to do the 
preservation and anangemont of exhi¬ 
bits which involves team work and arti¬ 
stic ornamental bent of mind. 

In a similar mannei, propagation by 
animals can be attempted when animals 
having power of regeneration, by bud¬ 
ding, by fission or vegotalivcly, or rr- 
pioducc through eggs. These can be 
shown effectively with interesting catch 
labels, models and a scries of sketches 
or photographs. 

Every year additions to the existing 
specimens could be made and the 
students will then be required to exa¬ 
mine the museum collections frequent¬ 
ly. Sometimes cross questioning will 
inculcate in them a competitive spirit. 
The home task from books should be 
avoided as far as possible. 

All other topics in biological sciences 
can be tiled in the same manner effec¬ 
tively, The teacher explains these' 
natural phenomena. As the* air-ship 
can move in the atmosphere with its 
rudder, wings etc and its efficient flight 
depends upon the velocity and direc¬ 
tion of the wind, the winged or hairy 
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seeds can also be earned away by the 
wind. They move m the atmosphere 
and whciever they fall on moist land, 
they stick to it and germinate. The 
water dispersed seeds are very hardy, 
resistant (to such an extent that they 
can 1 emain in a viable state for 25 yeais 
01 more), light (as they can float on 
water) so that whenever they aie drifted 
by cunenls to the shores, they at once 
stick to the mud and germinate. Ex¬ 
amples like coconut may be given. The 
seeds stick to animals who carried away 
to fai of places and at limes left on dry, 
sandy lands, and left to nature’s mercy, 
If such seeds are losistanl to almoimal 
conditions, they may be again carried 
away by other animals and reach desti¬ 
nations where they get suitable climatic 
conditions and genninate, Plants’ fruits 
sometimes act as explosives. The 
viscum fruits burst from the apex and 
throw their seeds to distant places, but 
the eucalyptus plants hurst from the 
middle throwing their cap first, then the 


seeds aie pushed with a jerk one after 
the other like a machine gun, 

In Moss sporophyle the whole spoie- 
box is sent out like a bullet and in bal¬ 
sam plant the pod twists around and 
seatleis away its seeds. Hence with 
such demonstrations the whole lesson 
becomes not only easy but \ cry 
attractive. 

Tin’s beteiogenmis type of inshnotion 
by way oi drawings, attractive and in¬ 
teresting titles, different labels with 
visual demonstrations will be aide to 
give enough nl material for every type 
of boy/giil to grasp the subject accord¬ 
ing to bis ability and intelligence, This 
method will surely prove effective and 
beneficial ll implemented in all .schools. 
If this cannot be followed m all schools 
of a city simultaneously for eeilain 
reasons, a good institution with enough 
financial backing may start a mobile 
museum subject-wise to assist other 
educational institutions of any region, 



National Science 
Talent Search 
Examination, 1967 

A Critical Study 

Vkd Ratna 


T HE National Science Talent Search 
Scheme has now been in operation 
by NCERT for almost five years. The 
two chief purposes of this scheme are: 

1. to locate promising students who 
can he considered potential scien¬ 
tists early at the secondary stage, 
and 

2. to nurture the talent so that their 
creative powers develop in the 
best possible way. 

To meet the first of these purposes 
the selection of students studying in 
Class XI (or equivalent) is done in three 
stages: 

1. Only those students who have secur¬ 
ed 55 per cent or more marks in 
science subjects in their annual ex¬ 
amination of Class X are allowed to 
appear at an All-India examination. 


2. In the examination, which is held 
on the first Sunday of every Janu¬ 
ary, the examinees take an objec¬ 
tin' type 'Science Aptitude Test,’ 
write an ‘Essay’ and submit a 
‘pi eject Report written by them 
earlier on some experimental or 
theoretical work of scientific nature 
done by them. On the basis of 
their score in these three tests, 
about 12(X) students are called for 
interview. 

3. As a result of the interview about 
.'150 students are selected for the 
awaid of scholarships on the basis 
of their total score in the written 
test and interview, The scholar¬ 
ship is awarded with effect from 
the month of July every year. 

Since the selection of the right type 
of students is the hack-bone of the 
whole scheme, a constant evaluation of 
the technique of selection is extremely 
essential. The above described technique 
is intended to assess the pupils: 
aptitude for science, 
powers of scientific reasoning, cri¬ 
tical thinking and skill in scientific 
experimentation, 

ability to apply knowledge, to 
analyse and interpret scientific data, 
ability to express scientific concepts 
clearly and precisely, 
creativeness and mental altertness in 
the investigation of scientific pheno¬ 
mena, 

awareness of the basic nature of 
science, 

knowledge about the recent deve¬ 
lopments in the vaiious branches 
of pure and applied sciences, and 
skill to devise and develop some 
original ideas experimentally. 
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Although the ultimate criterion of 
the success of the whole scheme with 
reference to both the purposes men¬ 
tioned above will only be the work 
that will be done by the awardees of 
this scholarship when they enter their 
career as full-fledged scientists, continu¬ 
ous effort is made by the NCERT 
to evaluate the existing technique of 
selection. In this respect, various kinds 
of statistical studies are undertaken 
every year on the data obtained from 
the N.S.T.S. examination and published 
in the form of a report. As a continua¬ 
tion of this process and at the sug¬ 
gestion of Dr Kothari, a study of the 
variation in the performance of stu¬ 
dents at the N.S.T.S. examination from 
one school to another was undertaken. 

Tire Union Territory of Delhi was 
chosen for this study just as a matter 
of convenience. 

Methods of Study 

Data was collected from the results 
following three examinations: 

(1) Higher Secondary Examination, 
1967 conducted by the Central 
Board of Secondary Education, 
New Delhi, 

(2) All India Higher Secondary Ex¬ 
amination, 1967 conducted by the 
Central Board of Secondary Edu¬ 
cation New Delhi. 

(3) Indian School Certificate Examina¬ 
tion, Doc,, 1966 conducted by the 
Council for the Indian School 
Certificate Examination, New 
Delhi. 

In the first category, the total num¬ 
ber of schools in Delhi is 352 of which 
198 (56,25%) have science stream 
while the others cater to non-scientific- 


groups of studies only. Schools offering 
for the second and third examinations 
are too few schools (18), though all 
of them have the science stream. These 
schools are being considered as one 
group in this study because they are, 
far more similar to each other in res¬ 
pect of educational standards and 
medium of instruction etc. 

Out of 19S science leaching schools 
catering the first examination, stu¬ 
dents fiorn only 115 schools took 
the N.S.T.S. examination, and 83 
(41.82%) schools did not take any 
initiative to send their students for 
tins examination. Tills shows need 
for publicity to the scheme by various 
means. Some of steps have already 
been taken to publicise the scheme by 
the NCERT. A documentary film on 
N.S.T.S. scheme entitled "Scientist of 
Tomorrow" has been prepared under 
the supervision of this department and 
has been released all over the country. 

A glance at Table I shows that 
pass percentage as well as percentage 
of students getting first division is 
significantly higher for the schools 
from which students took the N.S.T.S. 
Examination in 1967, compared with 
that for the schools from which no 
student took the N.S.T.S. Examination, 
The difference between these two cate¬ 
gories of schools may be due to stand¬ 
ards and methods of teaching, avail- 
aide staff, facilities provided and 
admission requirements of the schools 
(such as minimum marks required for 
admissions or tests at tlu: time of ad¬ 
mission). In fact in some of the 
schools from which no student took 
part in the N.S.T.S, examination, a 
feeling may exist among students anil 



96 


school sriKNT.K jt-NT. 1966 


staff meinbeis that they can not expect 
any student to be selected for the 
awaul of scholarship and therefore 
then 1 is no point in sending candidates 
for the N.S.T.S. examination, 

Similar difference can be seen be¬ 
tween the schools from which students 
qualified ior the N.S.T.S, interview and 
the schools from which students took 
the, N.S.T.S, examination hut none 
could qualify for the interview. The 
difference can also be seen between 
the schools from which students were 
selected for the award of the N.S.T.S. 
scholarship and the schools from which 
students qualified for interview hut 
none was selected tor award of N.S.T.S. 
scholarship. These facts biing out the 
validity of each of the two stages of 
selection against the Higher Secondary 
examination, However, correlation be¬ 
tween the percentage, of science students 
selected for the award of scholarship 
and the percentage of science stu¬ 
dents obtaining first division, calculated 
for 27 schools offering High Secondary 
Examination from which students were 
selected for the award of the scholar¬ 
ship, is not very high (r—0.48, signifi¬ 
cant at 1% level, referring to Tabic 2. 
Thus, though there is a common factor 
between the two examinations, the 
N.S.T.S. examination measures a dif¬ 
ferent type of ability than does the 
Higher Secondary Examination. The 
number of schools in Delhi which pre¬ 
pare students for the All India Higher 
Secondary Examination or for the 
Indian School Certificate Examination 
is too few to make a similar study in 
lespect of these examinations. 

Out of 115 science-teaching schools 


of the Higher Secondary Examination 
from whine students appeared in the 
N.S.T.S, examination, 1967, students 
from only 27 ( 23.48%) schools quali¬ 
fied for tht> final award of scholarship, 

In sharp contrast to this out of 15 
schools of the All India Higher Second- 
ary Examination and Indian School 
Corticate Examination fiom wheie stu¬ 
dents appealed in the N.S.T.S. examina¬ 
tion, 1967, students fiom 9(60%) 
schools qualified for the final award of 
scholarship. Out of these nine schools 
of All India Higher Secondary examina¬ 
tion and Indian School Certificate Ex¬ 
amination 5(5o.5'7r), listed in table 3, 
have sent moio than 5 percent of their 
science students to join the ranks of 
N.S.T.S. scholarship awardees, whereas 
out of the 27 schools of the Highei 
Sccondaiy examination only 10(37%) 
could get more than 5% of their science 
students selected for the award of the 
N.S.T.S. scholarship. In most of the 
schools English language is not only 
the medium of education but also the 
dominant medium of conversation 
between the teachers and the taught. 
This may he partly a reason of these 
schools doing well in the N.S.T.S, ex¬ 
amination, because both the Science 
Aptitude Test and Project Report are 
conducted through the. medium of 
English language. 

I wish to thank the Secretary of the 
Council for the Indian School Certifi¬ 
cate Examination and the Secretary 
of the Central Board of Secondary 
Education, who helped me in the com¬ 
pilation of these results. I am also 
grateful to Dr Kothari for suggesting 
this line of investigation. 
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TABLE I 


Performance of students at N.S.T.S. Examination in 1967, belonging to Schools in Delhi 
pieparing students for tlw Higher Secondary Examination of 1967 


CATEGORY OF SCHOOLS 

NUMBIR 01 

SCHOOLS 

NO. 01 

SCUNCL 

STUD! MS PASSID IN 

I, 11, 111 DIVISIONS 

miiwm.s panm i) in 

i division 



STUDENTS 

— 

- 

-- 





No, a/ 

Pass 

A 'o ol 

Pei t enrage 




students 

pen vntage 

students 


Science teaching schools 

198 

7572 

5474 

72 29 

1004 

13.26 

Schools which sent pupils to 
National Science Talent 
Search examination, 1367 

115 

5167 

3977 

76,97 

830 

16.06 

Schools which did not send 
students for National Science 
Talent Search examination, 
1967 

83 

2405 

1497 

62.25 

174 

7,23 

Schools from which students 
qualified for interview 

61 

3269 

2634 

80.58 

664 

20.31 

Schools from which students 
took National Science Talent 
Search examination but none 
could qualify for interview 

54 

1896 

1343 

70.76 

166 

8.75 

Schools from which students 
were selected for award of 
scholaiship 

27 

1525 

1278 

83,80 

417 

27.34 

Schools from which students 

34 

1744 

1356 

77.75 

244 

1 '.99 


qualified for interview but 
none was selected for award 
of scholarship 
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TABLE 2 

Frequency ihUi ibulitiii of schools m Delhi which ptepartti .students for the Higher Secondary examination 
1967, of the Ccnlial Board oj Secondary /.duration and from where students obtained 
the National Science Talent Search scholwship in 1967 

Percentage of students getting National Percentage of students getting 

Science Talent Search Scholarship lirst division 


Percentage of 
students getting 

X division 

0-9.9 

10-19.9 

20-29.9 

30-39.9 

40-49.9 

50-59.9 

60-69.9 

Total 

0—1.9 

1 

2 

3 





6 

Z — 3.9 


2 

2 

1 

2 

1 


8 

4 — 5.9 

2 





- 


4 

6 — 7.9 


i 

i 

■ • 




2 

8 — 99 

.. 



1 


1 


2 

10 — 11.9 

i 





. . 

1 

2 

12 - 13 9 







. 

0 

14 __ 15,9 




1 




1 

16 — 17 9 


.. 


1 




1 

18 — 19.9 

• ■ 





■ 

1 

1 

Total 

4 

5 

6 

6 

2 

2 

2 

27 


i*u0,48 which is significant at 1% level 






An Experiment on 
Science Education 

A. G, BlIATTACIIAltt’A 
A. M. Giiose 


T HE fundamental aim of Science for 
A Children is 'to develop scientific 
look and to create living interest in 
various scientific subjects among child¬ 
ren through diverse means. In the 
past the students working at the centre 
have shown remarkable ability in build¬ 
ing up models, and while sonic of the 
instructors have felt that the moment 
was opportune for taking the decisive 
step of guiding students from model 
building hobbies to more scientifically 
oriented activities, other instructors 
were more hesistant to do so. This 


hesitation was based on the belief 
that, (i) the students do not like class¬ 
room atmosphere and (ii) the students 
are scared and repelled by theoretical 
discussions even if they arc simple in 
nature. Science leaching in most 
schools in our country is carried out 
in an unscientific manner with the 
primary object of enabling students to 
pass examinations. The educationists 
are aware of this grave situation and 
the National Council of Educational 
Research and Training has undertaken 
the gigantic task of remodelling 
science education in India. Field ex¬ 
periments carried out under the 
auspices of NCERT and elsewhere 
have indicated that any practical effi¬ 
cient way of imparting scientific know¬ 
ledge among children must involve 
direct participation of students in class¬ 
room experiments. A pilot scale 
experiment with a small group of 
children was, therefore, planned to he 
undertaken at the Science von Cnu.- 
raiEN 1 to examine this problem in a 
direct manner. It was decided at the 
outset to confine the experiment to a 
small size In conformity with the space 
and funds available. 

Ten students participated in the 
experiment. The students were in the 
age group thirteen to sixteen (classes 
IX to XI) with the average ago close to 
fourteen and a half. 

The subject chosen For study was 
basic current electricity, The pro¬ 
cedure adopted in the classes was as 
follows: 

At the beginning of each class, one 
of the instructors gave a short lecture 


Science for Children project, Rabindra 
Sarovar Stadium, Block VA, Calcutta. 
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covering some aspect nf the subject 
under study. This was followed by 
questions by the students to the instnic- 
tors and vice versa. The answers 
wherever possible weio tested by sim¬ 
ple experiments which were devised by 
the participants themselves. Also most 
of the primary and secondary cells 
used in the. experiments were made, by 
the students out of commonly available 
material. The topics covered in this 
study group wcie sources of current 
electricity, electrical constitution of 
matter and the concept of current as 
electron flow, simple circuit dements 
and conductivity of materials. There 
were 13 classes covering a period of 
about four months. 

The attendance in this course was 
essentially voluntary. In absence of 
any other simple criterion, attendance 
in these classes was taken as measure 
of the, interest shown by the students. 
This is shown in the graph. Although 
clue to the small size of the sample, it 
is not possible to arrive at firm, indis¬ 
putable conclusions from this pilot 
experiment, it is possible to make cer¬ 
tain general observations, i! will be 
seen that there was a sharp initial rise 
in attendance, which is probably due 
to the fact that the students became at¬ 
tracted by the novelty of the procedure. 
Some of the novelty-seekers wcie soon 
attracted by newei experiments held 
elsewhere in the centre and this ac¬ 



counts for the drop in the attendance, 
This was followed by a few ups and 
downs and approximately 60 per cent 
of the student formed a hard core 
which attended the. classes regularly. 
Wo are therefore, safe to conclude that 
contrary to what has been apprehended 
in some quarters, students on an ave¬ 
rage, like a mixture of theoretical and 
experimental studies, provided that 
they arc, allowed to participate in them 
actively. 

It was decided to extend these classes 
to the study of electronics including 
semi-conductor devices, Unfortunately 
lack of funds and othei facilities have 
not allowed us to do so, However, it 
is hoped that in near future many such 
experiments will be undertaken in the 
Science 1m Ciilidhen. 



Science Nobel 
Laureates 
of 1967 

R. K. Dati'a 


TTOW do stars produce their energy 
has been ijie subject of research for 
last 25 years for Prof Hans Albrecht 
Bethe, 61, professor of theoretical phy¬ 
sics at Cornell University, Ithaca, New 
York. He has recently been chosen as 
the winner of 1967 Nobel Prize for 
Physics. How do eyes see? The bio¬ 
chemistry, biophysics and physiology of 
vision has been the research of three 
neuro-scientists who will leceive the 
1967 Nobel Prize for Physiology, The 
recipients are Prof. George Wald, 60 


of Harvaid University, Prof. Haldan 
KefFpr Ilartlino, 63, of Rockefellci Uni¬ 
versity and Pi of Ragnar Granil, 66, of 
Nobel Institute of Nnuopliywology, 
Stockholm. Chemists today ran assess 
precisely what happens in chemical 
reactions that ocean at speeds up to 
one ten-billionth of a second. This has 
hern made possible partly through 
longtime reseaich of Piof. llontild 
Gemgo Wieyford Nouis, 70, of Cam¬ 
bridge University, Pi of. George Porter, 
•17, of Royal Institution of London and 
Prof, Manficd Eigen, 40, of Max Planck 
Institute foi Physical Chemistry at Got¬ 
tingen, Geimany. These, tin rt* physical 
chemists have also been honomed this 
yeai by the award of this year’s Nobel 
Prize for Chemistry. 

PnoK. Beiue 

Piof, Bethe theorized that the energy 
ladialcd by stars comes fiom a thermo¬ 
nuclear reaction. According to his 
theory hydrogen nuclei fotm heavy 
hydrogen nuclei by fusion. These 
heavy hydrogen nuclei in turn fuse to 
form helium atoms. Dining the fusion 
of hydrogen atoms into helium atoms 
there is a loss of some matter which is 
convcitcd into enngy by the fusion 
processes, This is the source of enngy 
of the sun and other stars. Prof. Bethe 
calculated the magnitude of this energy 
by combining known data from nuclear 
studies in laboratories with extensive 
theoretical computations, Part of his 
theoiy has already been confirmed and 
his calculations aie of gieat significance 
ni present day efforts all over the 
world to harness eneigy from reactions 
for peaceful uses. 

Prof. Bethe collaborated with cele¬ 
brated nuclear scientists. Loid Riillier 
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ford and Enrico Foilin', at Cambridge 
and Romo respectively. His eaily 
studios with tliom m nuclear physics 
gas o liim tlie basis of bis theory of the 
sun’s pioduction of energy and of life 
and death of stars. Ilis tbeoietie.il 
knowledge of tliermonnelear leautions 
helped a lot in the pioduction of atom 
bombs during the World War II. Prof. 
Rothe headed the theoretical physics 
department of the. Atomic Weapon 
Laboratory at Los Alamos, New Mexico 
from 10-13 to 1916. This laboratoiy 
was the principles installation that 
dc\ eloped the atom bombs. In ie- 
cognition of lu's contribution in this dev¬ 
elopment the U.S, Atomic Energy 
Commission awarded him the Enrico 
Fermi Prize in 19(51. 

Born on July 2, 1906 at Strasbomg, 
then part of Germany—it is now in 
France, lie studied in the universities 
of Frankfurt on Main and Munich. 
After a few ycais of teaching at univer¬ 
sities of Stultgart, Munich and Tubingen 
Prof Betlic fled Germany in 1933 at the 
slait of the. Hitler regime and migrated 
to England, Later in 1935 lie migrated 
and joined Cornell University, Ithaca, 
New Yoik where he is now the John 
Wendell Andcison Professor of Physics, 
lie received many awards and medals 
of scientific societies and is member of 
various associations. He is a joint- 
author of a book entitled Mesons and 
Fields (1955), Inspile of his associa¬ 
tion as a consultant with the Atomic 
Weapon Laboratory at Los Alamos 
Prof. Betlic protested against the dev¬ 
elopment of hydrogen bombs. 

Peof. Wald 

Dr Wald’s research extending over 
last 30 years demonstrated the mole¬ 


cular ieainuigement.s when light acti¬ 
vated the photo-receptive cells in the 
ri tiiui and clarified the role of visual 
pigments and the iinpmtance of vitamin 
A to visual processes, The leceptoi 
cells, also known as uxls, contain visual 
purple (ihodop.sm) which is a conjugate 
of a protein (opsin) and vitamin A. 
Visual purjih* breaks into protein and 
vitamin A when light bits retina. Visual 
pniple is limit up again in periods of 
daiktiess. I'ndei normal circumstances 
the into of breakdown of visual purple 
is equal to the late of its building up, 

In vitamin A deficiency the rate of build 
up of visual put pic is let.udcd resulting 
m night blindness, When the photo- 
icceptive cells of retina are stimulated 
by light these chemical changes occur¬ 
ring in the visual purple set of electric 
impulses in nerve fibres. Dr Wald 
demonstrated. 

Prof, Wald who is associated with 
Harvard University since 1934 and is 
Piofcssor of Biology there, was bom in 
New York m 1907, Having Ins educa¬ 
tion in New Yoik University and Colum¬ 
bia University be received the Ph.D, 
degieo fiom the latter university, Moie- 
ovei, lie had research training in labo¬ 
ratories in Berlin, Zurich and Heidel¬ 
berg, His outstanding achievement in 
the elucidation of the biochemistry of 
sight won him Eli Lilly Research Award 
(1939), Lasker Award (1953), Proctor 
Medal (1955) and Rum ford Medal 
(1959). 

Phof. Haiti-line 

Pi of. Haitline recorded by electric 
means the electrical impulses from nerve 
cells and fibres when light struck retina. 
He also recorded the activity of a single 
visual receptor centre and developed 
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fibre when ihc lcceplor to winch it was 
connected weie hit by light. Ilis le- 
seaich over last 30 years mostly with 
hoiseshoe eiahs and eokl-hlooded veite- 
biates offcied satisfaetoiy explanation 
as to how the eye, by shajpening con¬ 
trasts, is able to clifFcienlxate fonn, move¬ 
ment, con toms, shapes and edges of 
objects. 

Born on December 22, 1903 in Pen¬ 
nsylvania Prof. Haitiinc received the 
doctor of medicine degree, from Johns 
Hopkins University in 1927 and supple¬ 
mented his medical tiaining with fui- 
ther studies of physics and eleelioines 
at the Universities of Leipzig and Mu¬ 
nich. Having seived as Piofessor and 
Cbaiiman of the Department of Bio¬ 
physics at John Ilopkins University 
during 1949-53 he joined Rockefeller 
Institute in New York in 1953 and is 
now its (Rockefeller University) Pro- 
fessoi of Biophysics. lie received a num¬ 
ber of honorary degrees and awards. 

Prof., Granit 

Prof. Ragnar Gianit first demonstrat¬ 
ed how diffeient ncutial units in retina 
reacted diffeiently to various parts of 
light spectrum. He established that 
there were three types of cones or colour 
receptois in letina to receive different 
paits of spectrum of light. The colour 
message pioduced in biain results from 
an interplay of impulses from different 
types of cones, Prof. Granit demonstrat¬ 
ed. His work extending over a period 
of 40 years also demonstrated that light 
not only excited but also inhibited the 
discharge of impulses in nerve fibres. 

Prof, Granit who is head of the re¬ 
search organization of the Nobel Insti¬ 
tute for Neurophysiology at Stockholm 
and a member of the faculty of the 


Royal Caroline Institute which makes 
the 1 annual Nobel Medical Awards, was 
horn on Octobci 30, 1900 in Finland. 
He studied at the University of Helsinki 
and held teaching positions there din¬ 
ing 1929-37. He, studied under Nobel 
laureate Sir Cliailes Sherrington on 
some aspeels of neurophysiology at 
Oxford. lie, is now m England as a 
Visiting Professor of Neurophysiology 
at St, Catherine’s College, Oxfoid. In 
1940 he joined the Royal Caiolinc Ins¬ 
titute. at Stockholm and was made its 
cliicctor in 1945. Since 1956 he has 
been a Visiting Professor on the staff of 
Rockefeller University in New York. 
He holds awards and honorary degiccs 
from a number of universities and scien¬ 
tific societies 

Prof. Noruusn 

Pi of. Nonish and Piof, Porter did the 
prize-winning work together. They 
stalled their woik at Cambridge Uni¬ 
versity in 1949 and continued to woik 
separately alter 1955, when Pi of. Porter 
left Cambridge University and joined 
the Univcusity of Sheffield. They studi¬ 
ed the equilibrium system of chlorine 
gas. In this equilibrium system atoms 
of chlorine collide among themselves 
and form molecules, and molecules 
themselves also dissociate or break into 
atoms simultaneously. Prof. Nonish and 
Prof. Porter disturbed the equilibrium 
by irradiating the gas from a nearby 
electric spark of great intensity and 
short duration. As a result the equilibri¬ 
um was shifted to the higher concentra¬ 
tions of chlorine atoms. During this dis¬ 
turbed equilibrium they measured the 
speed at which the normal number of 
chlorine molecules was re-established. 

Prof. Norrish who is the Professor 
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Emeritus of Chemistry of the Cam¬ 
bridge Univeisilv was born on Novem¬ 
ber 9, 1897. He had his education at 
Emmanuel College, Cambridge. He ser¬ 
ved in World War I during 1916-19 
Having obtained his Ph.D. and D.Sc. 
degree Irom Cambridge University he 
started lus research eaieer at Emma¬ 
nuel College (1920-31). He joined 
Cambridge University as a lecturer of 
Physical Chemistry and was Professor 
and Director of the Department of Phy- 
srcal Chemistry of Cambridge Univer¬ 
sity for 28 years (1937-65). Since 1965 
he is its Emeritus Professor. In 1936 he 
was made a Fellow of the Royal So¬ 
ciety, The Universities of Paris, Leeds 
and Sheffield honoured him with hono¬ 
rary degrees, He received Meldolu Me¬ 
dal of Institute of Chemistry (1926), 
Davy Medal of Royal Society (1958), 
Riverside Lecturership of Chemical So¬ 
ciety (1958), Lewis Medal of Combus¬ 
tion Institute (1964) and I' a rad ay Me¬ 
morial Lecturership and Medal of Che¬ 
mical Society (1905). Prof, Norrish was 
elected President of Faraday Society 
(1953-55), Vice-President of Royal Insti¬ 
tution of Chemistry (1957-59) and Pre¬ 
sident of British Association, Chemistry 
section (1960-61). He is still actively 
busy in the laboratory pursuing his equi¬ 
librium studies with other collaborators. 
He spent most of the last two years tra¬ 
velling and visiting research institutes 
of the U.S.A., the U.S.S.R. and Canada. 

Prof, Pouter 

Bom on December 6, 1920 Prof, 
Porter studied at Leeds University and 
Emmanuel College, Cambridge. He 
received the Ph.D. and D.Sc. degrees 
from Cambridge University. During 
1941-45 be served in the Royal Naval 
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Volunteer Reserve in Western Approa¬ 
ches and Mediterranean. He joined 
Cambridge University as demonstrator 
in Physical Chemistry in 1949 and con¬ 
tinued till 1952. Next he became the 
assistant director of research in Physi¬ 
cal Chemistry of Emmanuel College 
(1952-54). He was made Professor of 
Physical Chemistry at the University of 
Sheffield in 1955 and since 1963 he is the 
Fifth Professor of Chemistry there. He 
is concurrently Professor of Chemistry 
at Royal Institution, London (since 
1963). He was elected the Fellow of 
Royal Society, London in 1960. He was 
also elected Vice-President of Faraday 
Society. He published a book entitled 
Chemistry for the Modem World (1962), 
lie received Corday-Morgan Medal of 
Chemical Society (1955), Tilden Lectur¬ 
ership (1958) and Remsen Memorial 
Lecturership of American Chemical 
Society (1962). 

Prof, Eicen 

Prof. Manfred Eigen started his re¬ 
search with the equilibrium of hydrogen 
in 1953. His system of equilibrium was 
concerned with hydrogen ions formed 
by the dissociation of water molecules, 
Like Prof. Norrish and Prof. Porter he 
disturbed the equilibrium of formation 
of hydrogen ions by means of a shock 
fiom an explosion or of a high-intensity 
electric pulse, He is now interested 
in applying the results of equilibrium 
studies to the kinetics of enzyme re¬ 
actions in biological processes. 

Prof. Eigen who is Professor-Director 
of Max-Planck Institute of Physical 
Chemistry, Gottingen, Germany, was 
bom on May 9, 1927 at Bochum, Ger¬ 
many. Under some Germany’s leading 
scientists he studied Physics and Che- 
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mistry at the University of Gottingen, 
He started his research studies at the 
Institute of Physical Chemistry of that 
University (1951-53, In 1953 he joined 
the Max-Planck Institute; of Physical 
Chemistry of which he is now the Chair¬ 
man, He is a member of National Aca¬ 
demy of Sciences of the United Slates 
and a Visiting Professor at' Cornell Uni¬ 
versity, Washington University and Har¬ 
vard University, ’ Pie holds honorary 
degrees fiom the Washington University, 
University of Chicago,, and Harvard 


University, He leeeivcd the Bodenstein- 
Preis Award of the Bunsen Society of 
which he is a member. lie is also a 
member of Faraday Society, He pub¬ 
lished Thermodynamics of Concentrated 
Electrolytes Proton Transfer .in Hydro- 
{ten bonds and Chemical Relaxation 
(1955-57). 

The Nobel Prizes were presented to 
winners on December 10, the 71sL an- 
ntversaiy of Alfred Nobel’s death, in 
Stockholm. The 1937 piizes carry a 
purse of about $ 61,000. 
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Catalysis and 
Chemical Kinetics 

Anthony Tucker 


A SINGLE molecule of the enzyme 
catalase, which breaks down hydro¬ 
gen peroxide to water and oxygen, cata¬ 
lyzes the breakdown of almost 50,000 
molecules a second, at 0°C. This 
incredible and specific activity repre¬ 
sents an immensely greater efficiency 
than of any known inorganic catalyst. 
Hence the great interest in enzymes, for 
it is the accelerating effects of catalysts 
which matter most, whether in life or 
in industry. But catalysts are more than 
accelerators. In chemical systems, as 
in other equilibrium situations, there 
may be many possible points of balance. 


/. ], Bcrzilius coined the term 
’catalyst' over J30 years ago and it is 
65 years since Wilhelm Osimld de¬ 
fined the term to mean a substance 
which, in modifying the rate at which 
a chemical reaction approaches equi¬ 
librium, docs not itself become per¬ 
manently involved and, in the end, 
remains unchanged. The manner in 
which catalysts operate is still a my¬ 
stery and the search for new catalysts 
is still essentially empirical. Much of 
the work is locked up in industrial 
security, [or industry depends critically 
on Its catalysts, hut the unravelling of 
enzyme structures may eventually lead 
to an understanding of the sub- 
molecular activities which give all 
catalysts their mysterious properties. 


Catalysts can so modify a system that it 
appears to be quite different. Tire word 
‘modify’ is important for, as with che¬ 
mical inhibitors, the action of a catalyst 
is not to start some process off. At the 
moment the greatest effort is being put 
into research to try to understand how 
the catalyst manages its tricks of accele¬ 
ration. Success could lead to immense 
advances in industrial chemistry, to new 
processes and to the tailoring of pro¬ 
cesses so that they could be controlled 
by computer. 

What cannot be expected is an escape 
from the fundamental thermodynamic 
laws of chemistry. Catalysts can ope¬ 
rate only on reactions which are already 


From spectrum 46 : 1968 




CATALYSIS AND OIIEMICAI, KINt-.i IfK 


107 


possible, although they may, by "magtn- 
fyrag” a process too .slow to he detected 
in normal circumstances, uncover in¬ 
actions which are unknown or impracti¬ 
cal. If, for example, a catalyst lowers 
the temperature at which a compound 
molecule will decompose, it may found 
that new products appear because these 
are stable at the new lower tempera lure 
while, in the uncatalyzod reaction, the 
high temperature leads to their rapid 
breakdown. 

[al Ttio.itml 2 CM.CHO * H, 


Fig. 1. Decomposition of ethanol 

Diethyl ether and ethyl acetate appear only in 
catalyzed reactions although hath ale thermody¬ 
namically "permissible". At the normal thermal 
decomposition temperature both arc unstable 
and therefore cannot appear. 


These “new” reactions could occur 
only if they were alieady possible 


Catalysts remain unchanged after the 
leaelion lias taken place (although they 
may become poisoned in time and in¬ 
quire regeneration), but ibis does not 
mean that they do not become chemi¬ 
cally involved dining the miction. It is 
now accepted that all catalytic reactions 
go thiougli one m perhaps several un¬ 
stable, slates during the cycle. In its 
simplest foim catalyst C and reactant A 
create an unstable compound AC which 
decomposes to f(uni products 11 and D 
while the catalyst i.s regenerated for a 

further cycle, thus A : C AC-C ! 

(11 • 1)), Because AC dues not exist foi 
long it i.s difficult to detect, yet its pre¬ 
sence is clearly ciucial to the changed 
energy requirement for the complete 
reaction. Modern spectroscopy has ie- 
vealed many such intermediates. 

In client a catalyst changes the energy 
requirement for a reaction, so that, for 
a given input of energy, there is a 
much gieater output of product. Bv its 
intciveution and by the cicatum of 
iulei mediate compounds' the catalyst 


and the value of catalysis is that they 
can he, oxphted. But, in any reaction 
the catalyst modifies equally the 1 for¬ 
ward and ievci.se processes so that the 
final chemical equilibrium remains the 
same as foi the uncatalyzod reaction. 
In other words, there are no catalysts 
which simply accelerates process in one 
direction: the complete chemical ‘‘sys¬ 
tem” is speeded up. This aspect of 
catalytic action is important when seek¬ 
ing new catalysts, for many processes 
can be measured more easily in the re¬ 
verse direction, It follows as a matter 
of basic chemical law that a catalyst for 
die reverse process will be just as good 
for the desired forward process, and this 
may will make the search easier. 


provides a new miction path which is 
more favourable. (Fig. 2) It might seem 



Fig. 2. Potential energy profile of tt reaction 
The catalyst lowers the energy harrier, 

that, by the application of ultraviolet 
and infra-red spectroscopy, it should be 
possible to trace the complete reaction 
and find out which intermediates arc 
involved. In practice it turns out that 
many unstable intermediate are made 
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and it is nut possible to say which ones 
ate concerned in lowering the energy 
barrim. The system is too complex to 
analyze accurately and, for that reason, 
most of the inferences about catalysis 
rest on theoretical analysis. 

The situation is made even more com* 
plex by the fact that catalytic action 
can take place in a gas, liquid or solid 
(homogeneous catalysis), at an inter¬ 
face between them (heterogeneous), at 
a combination of these or in colloidal 
systems' such as enzymes. What hap¬ 
pens is a change of rate in some chemi¬ 
cal exchange, but it is difficult to say 
how, An uncatalyzed miction can be 
compared in terms of energy require¬ 
ment with its catalyzed equivalent and, 
if the number of steps involved is 
known, it is possible to calculate how 
much energy has been used tit each. 
This measure of ’activation energy’ can 
give clues to the nature of the changes 
brought about by the catalyst and lead 
to conclusions about molecular and sub- 
molecular activity. 

Fifty years ago the chemist Irving 
Langmuir put forward the idea that, in 
the case of inert surface catalysts such 
as platinum black, some kind of sieve 
el Feet was involved, II is suggestion, 
that the platinum surface was seizing 
molecules and holding them in close 
contact so that a reaction could take 
place rapidly, has been replaced by 
more complex descriptions of electron, 
ion, and cation exchanges, but it re¬ 
mains alone in its simple clarity. The 
gases oxygen and hydrogen normally 
combine to form water at an incredibly 
slow pace: at a platinum surface they 
combine rapidly. The surface never 
becomes saturated because, although 
both hydrogen and oxygen are held, the 


water molecule is too large and is 
rejected. 

This kmd of explanation, which goes 
only part of the way, can he used to ex¬ 
plain how some catalysts will carry out 
only one step with particular reactants, 
while others work more generally. But 
tin* ability to catalyze lias no connection 
with the inertness or otherwise of the 
catalyst. Metals, metal oxides and sul¬ 
phides, acids and proteins may, m some 
circumstances, prove, to be catalysts. 
Those, like platinum black, which can 
catalyze a whole range of reactions, 
were inevitably the first to be discover¬ 
ed. Their versatility made it more dif¬ 
ficult to grasp what was happening, 
Hope of understanding what goes on 
now rests on the most specific catalysts 
of all, the enzymes in living systems. 

However, among the. metals, those 
which possess catalytic properties- 
wliieh at first depend on a high ability 
to absorb chemicals tend to lie within 
vvluit is called the transition series, 
What makes these metals different from 
all the others? The answer is that, 
without exception, their atoms are built 
up so that they possess unpaired elec¬ 
trons in the oiEit generally held res¬ 
ponsible for magnetic properties. Curi¬ 
ously, the free valencies—the “unclasped 
grips" at the surface of these metals is 
attributable to incompletely field orbits 
of another kind, which overlap to create 
the metal-metal bond. In other words, 
many metals have free valencies at the 
surface, but only those with other un¬ 
paired electrons in a particular place in 
the atom have high chemisorption 
ability, This is not entirely a surface 
effect: some kind of deeper relationship, 
probably involving the distribution of 
charges and of changes in potential 
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energy patterns close to the surface 
must be responsible for the extra acti¬ 
vity. 

The suggestion that something of this 
kind is also true of the living catalysts 
has recently begun to emerge. Analysis 
by X-rays of protein stiuctuies (enzy¬ 
mes, the living catalysts, aie all proteins) 
has leached the point at which several 
are known in detail and many more will 
soon be. Active gioups of complex liv¬ 
ing molecules are slowly being identi¬ 
fied as aie the steps of a particular re¬ 
action In general enzymes aie more 
specific than inorganic catalysts, often 
being designed to carry out only one 
operation, and that on particular mate¬ 
rials in particular condition. Sonic 1 sim¬ 
ple active groups even when separated 
from complicated parent molecules, 
continue to opeiate as catalysts, Olhois 
will not act as catalysis if the parent 
molecules are changed even though they 
are not changed themselves. There are 
deep mysteries here but some tentative 
explanations of the general mechanism 
involved have been put forward. The 
behaviour of the simplest atomic ion— 
that of hydrogen—the proton, is being 
examined to see if some simple explana¬ 
tion exists. 

Professor K. J. Laidler, Common¬ 
wealth visiting professor to the univer¬ 
sities of London, Sussex and Kent dur¬ 
ing 1967, has suggested that the consi¬ 
deration of electrical charges in proton 
transfers may be able to throw light on 
enzyme activity. 

It is already clear that proton trans¬ 
fers play important role in some enzyme 
catalyzed reactions, particularly hydro¬ 
lyses, and Professor Laidler points out 
that some insight into the potential 
energy surfaces of active molecular areas 


can be gained horn a study ol the elec- 
Uostatic factors alone. Laying bale even 
the simplest situation is still a long way 

'v'.' I 
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Fig. 3. Paths oj halt tcstiUwce for a proton hi 
tliffeient charge situations 

xy shows the path of a pioton moving fiom A to 
B with negative charges at X and Y. 1J a third 
i barge (-\-) is present at Z the path becomes 
.\ V" with a diffcicm encigy ictjinrcmeni. 


ahead, but the distribution of static 
charges can make considerable differen¬ 
ces to tin 1 energy barriers in particular 
situations, Catalysts somehow lower the 
energy requirements of reactions; a 
change in the position of a static charge 
can do just dial. 
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Fig. 3a, Possible mechanism of catalytic action 
of i ihonticlease 

The activating N atom belongs to histidine JJ9 
in the i ibonuckase molecule. 


The big question is whether, in enzyme 
catalysis it will evenLually be possible 
to dispense with much of the molecule 
and produce synthetically only those 
parts essential to a reaction. This kind 
of things can be done with some prote¬ 
ins already. Insulin (not an enzyme but 
a hormone with every specific action) 
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t ig. 4 Pofenlnd eneigv vnjncc with s barge 
■I Angstionn upon, proton positions .'1 and H at 
t Angstrom and 45 to flunk's. Ilk' eneigs 
hairier is 71 heal per mole 
( ( mole is the ghim-midecalar weight «»/ a sah- 
stumv, m this raw I (lit, lor IICl it would he 
II ill t VI (15,51 M-5 

hit;. 5, The iniiodaetion oj an additional 
eharge in a paiUftilnr portion lowers llte enetgs 
bonier m hath duetlions. An addiltonal chaute 
in most other plates nines the energy botnet 
in does an uddiltomilnegatne ehtnge 
Diagrams from ‘New Inn cons in thtniiad 
htitelitm', hy K. J. laitllei, ‘'Chemistry in 
Ilritoin", Numnher l%7, 


tillin' 'Imlillv 1mm animal to animal, 
in tli.it a miiuIc i*iou]) of 3 amino acids 
tin a iliam of signal thousand) ispecu- 
li.n lo jiartii ular animals. But the in¬ 
sulin fi Mm one animal is equally efEec- 
im iu all otlms the vaiiatmn occurs 
at viino uoinujlH’ul point in the mole- 
nilr Similar!;, Both hormones and 
m/yines ran hr tut down drastically in 
mulct nlai si/e without their activity be- 
inq affected provided that the essential 
at the sites me undamaged and unchang¬ 
ed in their atomic lelationships. So far 
onU .t few pioleins have been manipu¬ 
lated in this way lint it is quite concei- 
\ahle that, pnh.ips within a few years, 
simple synthetic cu/,sines and perhaps 
other t\ pcs of catalyst can be manufac- 
tuied in hulk for particular pioccsses, 
A new ma iu ehemislty will he iu sight 
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Classroom 

Experiments 


Experimental Demonstration 
on Acceleration 

Bina Giiosii, Asok Sinka, 

B. D, Nac: Ciiaudiiuiu 


rrHE problem a teacher faces while 
demonstrating acceleration to a 
class is the measurement of time. When 
it covers a certain distance of its total 
path, the time required by a body in 
most of the cases is the function of a 
second. The measurement of this 
small entity cannot be done by ordin¬ 
ary methods and requires sophistication. 
Multiflash photo arrangements have 
been suggested in PSSC physics. These 
methods are highly expensive and un¬ 
suitable to Indian conditions. Nuffield 
Physics Project of Britain and Wynd- 
ham Project of New South Wales have 
adopted ticker tape arrangements to 
demonstrate acceleration in a class. 


These measurements are sensitive but 
expensive. In die hooks of USSR, this 
demonstration on acceleration has been 
suggested by allowing liquid to drop 
I min a lirv/le fixed to the bottom of a 
cylindrical \ essel. The vessel itself is 
kept on a small trolley which moves 
over a glass plate. The diameter of the 
cylinder is large so that the time be¬ 
tween two successive diops is almost 
•same. Results obtained by this 
method are not at all satisfactory. A 
simple experimental demonstration lias 
been described in Science Master's 
Book Scries I Part I. This experiment 
has been carried out with a tlnee 
wheeled trolley which moves on two 
guides. Each guide is made of a pah 
of glass tubes 01 rails kept apart by a 
small glass tube between them. The 
vibrator is a mild-steel strip which is 
kept fi.xcd to a stand. The steel strip 
vibrates and leaves a trail ol simple 
harmonic impression on a veilrcal side 
filled to tire trolley. A good number 
of waves can he obtained by this 
method but the trolley used is heavy 
on one side and there is every possi¬ 
bility of rl being turned over. 

The trolley we used to demonstrate 
acceleration in a class has three wheels 
fitted to the base in the form of an iso¬ 
sceles triangle. The two front wheels 
from the base of the triangle whereas 
the rear wheel is at the vertex. Each 
wheel has a diameter of 2.5 cm and 
is provided with ball bearing arrange¬ 
ments. There is a stand which is con¬ 
nected rigidly to tire centre of the 
trolley and bends perpendicularly at a 
height of 8 cm from the fixed point. 
A hollow but heavy pendulum with a 
brush at the lowest position hangs ver¬ 
tically fiom th'e end of the horizontal 
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part ni the stand as slumn in Fig, 1. 
Tlir bnh svungs ft> fly ami is in contact 
with lln surface on u hit'll (he impres¬ 
sion is to Iir made, 



big. I 

A long glass plain 200 cm x 35 cm is 
kept horizontally on a table, The trol¬ 
ley is placed at one cud of the glass 
plate and a long thread is connected 
to the front of the trolley, The thread 
passes through a pulley kept at the, 
other end of the, glass plate and then 
passes over a second pulley kept at a 
height of 90 cm and just above the, 
first one, The other end of the thread 
is provided with a hanger on which 
weights can ho placed. 

The brush is soaked in ink and the 
bob is taken to one side and then re¬ 
leased. A small weight is placed on 
the hanger and the trolley is allowed 
to run on the glass plate, The bob 
swings and leaves behind a track of 
simple harmonic nature on the glass 


plat'' as shown in Fig, 2. The distance 
t ow red by the tiolley m each wave 
ini iimv s gradnalk and the accelera¬ 
tion ran hr c.ilculatrd easily knowing 
the twin period of the pendulum, 

We obtained the following results in 
an experiment in the laboratory. 

Mass of the trolley - 800 gm 
Time period of the 
pendulum 0,56 sec 

Mass kept on the hunger = 60 gm 
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Trends in 

Biological Education — 
An International Revieiv 

P. Kelly 


1. Introduction 

4 A DEQUATE instruction in biology 

Pi is particularly important at this 
time. While chemistry was perhaps 
the science of the 1920’s and physics 
that of the 1940’s and 1950’s, I am con¬ 
vinced that biology will be the fash¬ 
ionable science of the 1970’s and 1980’s 
(O.E.G.D., 1962), 

The significance of this quotation is 
not so much in its substance as in its 


economic objectives which, neverthe¬ 
less, recognizes that education makes 
an important contribution to economic 
growth and that biology is one of the 
subjects that assists in this process. 
Such a point of view reflects a major 
change in attitude towards biological 
education. 

The thesis that education is a stimu¬ 
lant to economic growth and social de¬ 
velopment has only recently been 
widely accepted. Previously it was 
commonly considered that educational 
change followed social change. How¬ 
ever (here is clearly a far more subtle 
feedback system at work, and this is 
particularly true of the relationship bet¬ 
ween the school curriculum and society. 
While it may be reasonable to as¬ 
sume that the content of the curri¬ 
culum tends to be moulded by external 
social pressures, there seems to be little 
doubt that it feeds back into society 
influences that affect the rate of social 
and economic change. Furthermore, 
as education itself has become a major 
social institution its influence permeates 
other social forces and the distinction 
between them has become blurred. 

Science subjects have more obvious 
economic and social benefits than many 
others. They are required by the scien¬ 
tist and technologists that are in 
such demand. Also, having proclaim¬ 
ed our times as the ‘scientific age,’ it is 
logical that we should educate our 
vocational non-scientists—the adminis¬ 
trators—to fit them for it. It is these 


origin. It was stated by Dr. Alexan- twin needs that appear to be the 
der King of the Organization for Eco- strongest threads in a complex web of 
nomic Co-operation and Development, factors that have produced the deve- 
an international institution devoted to lopments in science education in many 
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At fii n? th" physical stit i>«** s g.iintd 
must .ittiiitinii. but inme imulh 
tin it ,itc sign*- th.U there is .i 
gw.itd n cognition i>f till* film .tfimi 
,tl imjmrt.iiic e of biology. Our 
ir.tsi jii {nr (his is tin* stow icfettt d to 
t tulirr, th.it biology is the .vnmt of 
tilt 1 fount; an antit tpatniy recognition 
that bieuk-tluoiighs Hi iew\uvh <oiu- 
ltuT.itlit* to tin* limn* (1i.un.tltc findings nl 
physical Mtrmv .in* t>< cuning. ami will 
ini in. in biology, Already rcse.mh 
whetted tin* appetite. but then* is still 
an expectancy of tilings to omit* and 
this, it is suggested, is in contrast with 
(lit* growing public new of tin* physi- 
cal .sciences which appeals to lie satiat 
rd with tin* magnitude of tlie dKcnvn- 
ies of past seat's and feels them is little 
that is fundamental to leant. Biology is 
seen as the base for future scientific 
advancement, 

This gi until in popularity also 
appears to be linked to two other influ¬ 
ences, Tin* first is the. notion that 
somehow biology is undrrstamlablc-a 
legacy of the nun-mathematical image 
of the subject with its links with reality 
and the relatively infrequent use of 
symbolism and abstraction, Second, is 
llus realization that many of the im¬ 
portant problems facing mankind arc: 
biological. Population growth, food 
resources, radiation and fall out, pub¬ 
lic health and mental disease, are some 
of the examples mentioned. 

2, Biology in the American High School 
Probably nowhere else in the win Id 
is this gain in popularity of biology more 
marked than m the United States. In 
the high schools there has been a steady 
decline in the percentage of students 


♦•ding phi sii *. the popularity of 
iliinnstn Jus tniMiHid more or less 
iniivt.iiii n\ir th»* scats, hut the pro- 
pod mo <*t studi ufs taking biology has 
sir ,idth nuiravd so that, at present, 
Main* HO . (.fall students take the subject, 
nm m{ dir n.iMiiis for this disparity 
ii*f doubt lies in the '.tincture of the 
Vouriian high stlnHil futricitlutn, Scien- 
ir Mihjn ts an* usually taken in succes¬ 
sive scats biology m the tenth grade 
tlfi-M.u nldv ihcinistiv in the eleventh 
made and pbysii s m the twelfth grade. 

It is u.iimmii pj.tetiic to insist that stu¬ 
dents * In l to study at least one science 
wibjicl. I'lohablv hi cause biology is the 
fiist tint offered, a uumhet of .students 
take it to get st lend* out of the way', 
Odti i students n»a\ take biology because 
they feil that is an easy subject. Never- 
llteh •ss. there is a positive icason for this 
suppoit lor biology. Much research has 
shown that young people arc particu¬ 
larly interested in the subject when it 
deals with Man and his well-being and 
applied biological topics. In American 
high school courses it appeals' (hat these 
features have been sufficiently emphasiz¬ 
ed to make biology attractive. This con- 
liasls with the image of physics courses, 
for instance, which often appear to be 
regarded by students as ‘narrowly pre¬ 
prof essionar. 

Because of the flexibility of 
American College curriculum there is 
not so much the feeling in the high 
schools that all is lost if you do not take 
a specific subject. It allows cultural 
education to flourish and considerations 
of a pupil’s future vocation are not a 
dominating influence on choice of sub¬ 
jects. This, no doubt, also helps biology, 
because if choice were purely related 
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to vocation one would expect physics 
and chemistiy to compete with biology 
to a much greater extent, 

Another reason for this popularity of 
biology in the schools of the U.S A. lies 
in American society, In newspapers, 
journals and othci media of pubhc com¬ 
ment one is struck by the number of 
references to biological topics. There 
is, in addition, a wrdespicad inleiest in 
outdoor life dating back to the days of 
the pioneers. While it often materializes 
in hunting, fishing, shooting and camp¬ 
ing, it also produces a great concern for 
conveisation and contributes to social 
attitudes that arc favourably disposed 
towards biology. 

Among Americans, also, there is an 
introspective willingness to examine 
themselves scientifically. It is this that 
has allowed psychology, the social scien¬ 
ces and studies in human biology to have 
developed to a greater extent than in 
most other countries. It has meant a 
willingness to accept that the study of 
life and particularly human beings is 
worthwhile, 

This analysis of the climate of opinion 
that favours biology in the United States 
is clearly very generalized and hazy 
(Hurd, 1961). The hypothesis that comes 
from it is, however, much clearer. If 
you have a society that accepts biolo¬ 
gical considerations as part of its culture 
then, ii respective of the vocational value 
of the subject, and providing the educa¬ 
tional system is sufficiently flexible to 
allow cultural education to flourish, then 
biology as a school subject will also 
flourish 

3. Biology in British Schools'* 

In Britain too, biology has increased 


in popularity as a school subject. Thus 
between 1935 and 1959 the number of 
candidates offering biology at School 
Certificate or O-lcvel G.C.E. standard 
increased more than fivefold. Yet tho 
numbeis offering physics only doubled 
while with chemistry there was an even 
smaller increase. 

To some extent the rise of biology was 
really a rise of zoology because, at the 
same time, the popularity of botany as 
a subject at tins level declined. In 1928 
some 26 per cent of pupils entering for 
the School Certificate examination took 
botany, less than 1 per cent took biology 
Came 1950 and 31 per cent were taking 
biology and about 1 per cent botany. 

However, biology was able to com¬ 
pete with the rise of general science as 
a subject over the same period. Indeed 
(his was to the advantage of biology 
because it meant that by 1950 some 26 
per cent of School Certificate entrants 
vvcie taking biology within general 
science and so about 57 per cent of all 
pupils had some biological education. 

TABLE 1 

Total number of candidates for science subjects 
in the summer examinations of the School 
Certificates and G.C E. 0—level 


Subject 

1935 

1949 

1951 

1959 

Biology 

9,968 

34,093 

28,014 

73,001 

Chemistry 26,706 

28,998 

20,677 

53,803 

Physics 

19,770 

28,842 

21,548 

60,029 


(After Tracey, G. W. (1962). Biology—Its 
Struggle for Recognition Sell, Sci, Rev. 43, 
No. 83) 


Since the introduction of the G.C.E 
examination in 1951 without its compul- 


*The statistics referred to in this section do not include those for Scottish schools. 
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sory categories nf subject. till 1 piopoi- 
tions uf pupils taking any one subject 
has tended to den ease, Yet, biologv 
lias, on tin' whole, held j|\ own and is 
cnnenlly (lie most popnl.n single science 
subject at O-Icvcl, 

It slumld he noted, however, that 
there has been a decline m the propor¬ 
tion nf pupils having some form of bio¬ 
logical education because of the very 
marked decline in the popularity of gen¬ 
eral science, This decline has not, ap¬ 
parently, been compensated for by ade¬ 
quate increase in the piopoi lions of 
pupils- taking other scientific subjects and 
hence appears to have resulted in a slight 
overall decrease in the proportion of 
pupils receiving a .scientific* education at 
this level, 

This account has not considered pupils 
who do not take the (bC.lv Statistics 
are mil easy to come by, and because 
biology is so frequently taught within 
a framework of general science to such 
pupils, it is difficult to assess its relative 
status. 

At the sixth-form level the position 
is quite different; biological subjects arc 
taken by fewer students than other 
science subjects. In 1928 some 28 pei 
cent of II.S.C. candidates look physics, 
27 per cent took chemistry but only S 
per cent took botany, 2 per cent took 
zoology and about 1 per cent biology. 
In 1950 the figures were 39, 37, 9, 9 and 
just over 10 per cent respectively. With 
the advent of G.C.Ti. the position was 
not altered materially. In 1961 die per¬ 
centage of pupils taking these science 
subjects were approximately 33, 26, 5, 7 
and 7 per cent. The overall decrease in 
these proportions can be attributed to 
- the influence of more flexible G.G.E, re¬ 


gulations allowing pupils to take fewer 
subjects. 

Between 1957 and I960 the proportion 
of pupils taking .science subjects at A- 
level increased, but .since then there lias 
been an apparent swing against science, 
hi fact, this movement is away from the 
physical sciences. Biology has increased 
its popularity. 

The difference in the status of biology 
at O-level and A-le\Vl G.C.E. is ap¬ 
parently the result of the relative influ¬ 
ence of vocational considerations. To 
some extent choice of .subject at O-level 
appears to be influenced by vvliat occu- 
palinn a pupil wishes to enter, but 
cleaily many pupils have not made up 
theii minds on this issue and, til tins 
stage, schools, on the whole, arc recep¬ 
tive to cultural subjects, Biology is 

TA.IH.IC 2 

Average percentage increase per year 
m the number of entries at A—level far 
science subjects 


Subject 

1957-60 

1960-63 

biological Science 

*7.3 

*9 8 

Chemistry 

9.1 

4.1 

Physics 

9.9 

7.0 

[The figures 

given for 

biological 

sciences include 

both biology 

and zoo- 


logy. As the pupils are not allowed to 
lake both these subjects and relatively 
few take botany without zoology this 
gives a reasonable assessment oT the per¬ 
centage taking biological sciences (After 
Fillips, C. (1905) Science and Art Sub¬ 
jects at G C.E Level, Times Ed. Suppl., 
November 1965)3 

often looked upon as the 'cultural’ 
science at O-level, view very common 
in girls’ schools, and it is this, particu¬ 
larly, that explains the large proportion 
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of girls that take biology. With boys 
(he potential use of the subject, appears 
to have a giealer influence. Thus, while 
there are approximately four times as 
many pupils taking biology at O-lcvel 
than A-lcvel (biology or zoology), the 
difference between A-lcvel and O-lcvel 
for gnls is much gieatei. 

The differences between O-level and 
A-level entries foi physics and chemishy 
incidentally are not so gieat and, m pio- 
poition, aic similar for boys and gnl.s. 
The entncs for both subjects at O-level 
are loughly tlucc times that at A-level. 
These figures suggest that relatively 
more pupils take up physics and ehenn's- 
hy than biology at O-level because they 
wish to continue with the subjects at 
A-level and possibly beyond. 

It seems fairly clear then that the cul¬ 
tural image and matoi ial value of biology 
has an influence in Britain as it does in 
the U.S.A., but it leads to a contiaxling 
situation. At O-level, where, the organi¬ 
zation of the curriculum is adaptable and 
the accent is’ on cultuial education, bio¬ 
logy flourishes, At A-level where, there 
is more rigid vocational specialism, bio¬ 
logy is much less prominent. 

The cultural importance of biology 
also appears to be becoming moie ac¬ 
cepted by the general public in this 
country, Whether or not wo arc* as 
biology-oriented as the Americans is 


anyone’s guess, hut pai ticularly thiough 
that biology in the* last decade has gra¬ 
dually act pined a wider and moie m- 
teiesled audience. It lias had a good 
piess, and whnlcvn icseication one may 
have about popularizing science it must 
be recognized that molecular biology 
and oilier ‘popular’ subjects have had 
ennsideiabh* influence on raising the 
status of biology in the public mind—and 
lienee its acceptance 

A. Cultural hiologi / and curriculum 

oiganization 

The eulUual lole of biology in educa¬ 
tion is now accejiled in many countries, 
but its status m the school oumeuluin 
varies eonsideiably. In some countries 
like .Sweden it has increased, In West 
Gcimany, for example, tin* bend has 
been icvciscd. Biology was a eompul- 
smy subject then* until I960 when, in 
ordci to allow pupils In eoneenlialo on 
lower subjects, biology, chemistry, geo¬ 
graphy and, in most schools, physics weio, 
made optional subjects. Now, a much 
lower jnopoilion of pupils, m the. last 
years of secondary school, lakes biology. 

The instance of West Germany high¬ 
lights the way cmriculum organization 
can influence the education a pupil re¬ 
ceives, Anothei example is described 
in the recently published survey by the 
Biological Education Committee (lloyal 


TAlir.H 3 

Number of entt antx for science subject? at the I'M 3 summer examination of the O.C.K 

Biology Chemistry Physics 

Boys Girls Boys Girls Boys Girls 


0—level 36.667 84,385 61,046 17 570 82,281 14,331 

A— 1 level _9,751 6,888* 22,778 5,334 32,406 5.141 

’Biology here includes biology and zoology (From Dep. of I'd. and Sei. (1964). Statistics o! 
Education, Part 3 London- H M.S OJ 
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Sanely-Insiiiwti’ «>f Hiolujiy Biu|ug« at 
Ktlntat ion C'umnnHM' VJWn that > >*<■. 
school rwriiuhttn otgum/.th**!! as a 
dearly di'fiiHil n .non xsln iHrtrim.il 
Sixth-form biologists fail to laW up bio. 
logy. It iv this f.n tor, probably more 
than any other, that mav, in a nnmlw r 
of fittuitrii’v hold up tin- we ll rh fined 
trend towards a more prominent role for 
biology in the school turrienlum 
In this country, the prnpnsaK bring 
discussed through the agency of the 
Schools Council (Tlie .Schools Council, 
liHifi} for a h'ss restricting sixth-form 
enrricnhmi through the use of major and 
minor subject should, if taken up, result 
in an nutcase in the numbers taking 
biology. At present a number of pupils 
who would like to take biology with, say, 
the physical sciences and mathematics, 
in the sixth are forced to abandon it be¬ 
cause of the timetabling difficulties; 
mathematics, for example, often being 
blocked as an alternative to biology. If 
a combination of biology, physical 
science and mathematics becomes a pos¬ 
sibility it is a fair guess that more, pupils 
will take biology. The sixth-forms are 
also taking in more pupils not aiming 
at the highest professional status and it 
is likely that this will result in a growing 
need for ‘cultural science’. If the past 
Is any guide to the future, it will be bio¬ 
logy that will tend to satisfy this require¬ 
ment 

There is also a growing willingness on 
the part of the higher education to loosen 
the ties of specialism with the, schools. 
The wide range of potential vocational 


has to b<- a broad-based, cultural course 
whisk nmerthcless, through its ap 
pro,trh must' foster those abilities and 
altitudes that will serve a student well 
in higher education. There appears to be 
a generous attitude in higher education 
to tin* inevitability of this situation and 
it mean*, that A-levcl biology can be 
broadened and made more appealing to 
a wider range of pupils. 

R Ahituhmmu hinhgtj in the sixth-form 
A fartor that has possibly been limit¬ 
ing these influences on the growth rate 
of sixth-form biology has been the sug¬ 
gestion that biological departments in 
unncrsilies would prefer students to go 
up with physits, chemistry and mathe¬ 
matics and without biology. According 
to the biological Education Committee's 
survey, this may be the opinion of‘more 
than one Professor’ but there is not evi¬ 
dence of it being taken up in practice, 
The demand for a quantitative ap¬ 
proach to biology and a recognition of 
tin* importance of certain aspects of the 
physical science to the subject is under¬ 
standable enough, byt to suggest that the 
answer is to do no biology in the sixth- 
form ignores three important points, 
First that the presence of a subject in 
the school curriculum acts as a stimulus 
to vocational choice. It is unlikely that 
pupils will be encouraged to become 
biologists by tin* suggestion that they 
should not pursue the subject. Second, 
that it is important that future biologists 
should understand the relevance of phy¬ 
sical sciences and mathematics to their 


subject. In this connection there is some 
demands of sixth-form biology htcrally; evidence that pupils who take biology 
makes it an impossibility to construct a J> because they feci they cannot compete 
specialized vocational course which f with physical sciences and mathematics 
would suit all pupils. A-level biology gain a competence in these subjects by 



SCIENCE ABROAD 


119 


studying them in a biological context. 
Third, that biology is not just an adjunct 
of the physical sciences. In many as¬ 
pects of the subject the conceptual ap¬ 
proach is quite diflerenl; many areas of 
subject-matter have little connection 
with physical sciences and the intellec¬ 
tual implication of the biological and the 
physical sciences are by no means always 
the same. By removing biology from 
the basic education of future biologists 
there is a danger of inculcating a nar¬ 
rowness of outlook that will be difficult 
to remedy in later years. 

The answer to the worry about the 
physical science needs of future biologists 
lies not in the negative approach of re¬ 
jecting A-lcvcl biology but in the positive 
one of ensuring a flexibility in the sixth- 
form curriculum such as that proposed 
by the Schools Council and the adoption 
of biology rather than botany and zoo¬ 
logy as sixth-form subjects, which will 
allow time for all the subjects needed 
by pupils to be taken. 

The answer also lies m reforming the 
content of A-level biology courses so 
that they contain relevant aspects of phy¬ 
sical sciences and mathematics. Changes 
in die A-level biology syllabus of various 
examination boards are pointers in this 
direction and the materials of the 
Nuffield A-level biology project now 
under trial are devised to meet this re¬ 
quirement. A product of such reforms 
may not only be that tlie needs of cul¬ 
tural education and of future biologists 
are met but that biology will be given 
what may be called an intellectual res¬ 
pectability that will attract bright pupils 
who otherwise might have preferred 
other subjects, 

Exactly how the introduction of a 


significant load of mathematics and phy¬ 
sical sciences will affect recruitment in¬ 
to school biology is difficult to say. The 
Biological Education Committee’s report 
indicates that the lack of mathematics in 
biology is a potent reason at present for 
some pupils taking up the subject. Some¬ 
how a balance has to be achieved that 
will granl intellectual respectability and 
relevance without heightening the con¬ 
fusion and fears engendeied in some 
symbols and equations. If this compro¬ 
mise can be achieved it will also give 
biology a new role in cultural education. 
It can become the focus through which 
some non-scientific pupils, unattracted 
directly by the physical sciences foi rea¬ 
sons already mentioned, can obtain, if 
not a full, at least a fuller, scientific edu¬ 
cation. They can be introduced to the 
physical sciences through the back door 
of biology 

Theie is, of course, no suggestion in 
these ideas that biology should be iso¬ 
lated from the other sciences. What is 
needed, and what appears to be happen¬ 
ing, is a lealignment of status so that 
biology is no longer treated as the edu¬ 
cational Cinderella of the sciences. Pro¬ 
viding such reforms, as have been out¬ 
lined, are acceptable and implemented 
it would seem that we have the poten¬ 
tial foi a vigorous giowth of biology in 
the sixth-form. It will be part of an 
overall move to more biology in the 
schools. 

C. Cultural education and economic 

value 

In Britain today there is a hesitant acc¬ 
eptance of the economic value of bio¬ 
logy. In part this is a result of past mis¬ 
interpretations about tbe national needs 
for biologists, doctors, etc., and there 
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I(I* <1h hi* mtn I**!* 11 h'gs ,o*d i sub 
ji < In Tin I II J fls.il a «pi si!* r *4 «•< |< < 

sii.dliimtiK n ,»i»* lu*»l**giVis 

a prup'*rtu*H ivtudriig that f*'t phs •-»**• 
and * in imslrs ,»s units uln.d MtLinK 
must presumably smut ,il!» t tin- image 
*4 innings .in t]ir ni{»u*ir jMtimt *4 the 
traditional niuitihr trinimir.it** t ('fin- 
iniltfi* on High* i Education. 1‘tfril 

T*l in Hr it jvh si hook, .is m th*<se *4 
mans countries, tin* -it* i pi* 4 ml** *4 
Ini's is .is a (iilfur.il sirhjitt. It is jii 
this iniitexl Oi.it it )*.is a strong uiongh 
■ippr.il In utliail .( growing nuiulwr »4 
students, Tim social rhm.it *• fosti ts tins 
■mil tlm (.ut that it is Midi an interna¬ 
tional phenomenon reflet ts its import* 
ano*. Furthermore, thrre arc also in¬ 
ternational intiTartions that have Miniu- 
luted this development. Following in 
the wake <4 the American curriculum 
developments similar reforms—although, 
except for the Nuffield projects, few are 
as extensive-have taken place m a num¬ 
ber of countries. In virtually every case 
the accent lms been on cultural educa¬ 
tion in biology. 

At the same time development have 
been aided by the belief that, in the long 
run, economic and other, more material, 
benefits will arise. This is the philo¬ 
sophy that Dr. King expressed when he 
prophesied that biology will be the 
science of the 1970’s and 1980’s, 

The situation is not comparable to 
that of earlier decades when wc were 
concerned with the physical sciences. 
Then it was much more straight-forward 
because the benefits were easy to per¬ 
ceive, What actually will come from 


fu"ue kwlogn .d i* M-.ireh is not so clear, 
Wb.it a-. ir*jmr*d today is an act ol 
Hub m lu»*b*gy .uni m the long-term 
Oi!n 3 |«.it**ix iiiilui in r <4 education. If, 
i»<m, vw piovnle the necessary resourc- 
i n i**»i nidi ’■• *«ompetr with the demand 
t«*i b** 4 i‘gv .in a cultural subject in our 
*.* h*'**K but also to foster its development, 
we w 41 produce a biology-conscious 
£<*n< r.tfmii m the next two decades that 
will It*- abb- to ret ngui/c and benefit from 
tin iimis «4 biological research, If we 
do not do this, so much will be wasted, 
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The Nuffield, 

Biology Project at 0-Level 

W. H, Dowdeswell 


1. Introduction 

r p HE Nuffield Foundation Science 
Teaching Project aiose as a result 
of a widespread interest in curriculum 
reform which began to gather momen¬ 
tum in Britain during the late 1950’s. 
This was due particularly to the Associ¬ 
ation Science Education (then the 
Science Masters’ Association and the As¬ 
sociation of Women Science Teachers), 
pioneer work by various individual 
teachers and the stimulating influence 
of several American projects such as the 
Biological Science Curriculum Study. 

The project at the Ordinary level of 
the General Certificate of Education has 


Consisted of three separate enterprises— 
in physics, chemistry and biology. Al¬ 
though distinct as science disciplines, 
the projects have maintained close links 
with one another being giouped to¬ 
gether administratively under a single 
head—the Nuffield Foundation. The fact 
that in our Grammai-type schools two 
or even llnee sciences are often studied 
concunenlly at 0-level has necessitated 
rather careful synchronization of certain 
sections of the three Nuffield courses. 
For instance in developing the biology 
course it was important to make sure 
that assumptions made in other fields 
weie justified and that a topic such as 
oxidation had been adequately covered 
on the chemistry side by tire time it was 
needed in the study of, say respiration, 

2. Choice of an Age Group 

The mandate of the Nuffield Science 
Teaching Project was to consider the re¬ 
quirements of those children within the 
age group 11 to 16 years, who would 
normally take G.C.E. at Ordinary level. 
Experience gained during our extensive 
trials has shown, however, that especia¬ 
lly in the early years, the materials are 
also of considerable value to children 
taking the Certificate of Secondary Edu¬ 
cation and even to those who are not. 

The reason for selecting this age 
group was that it came from a segment 
of the school system where reforms 
could be brought about in a compara¬ 
tively short time and with a minimum 
upset of teaching organization. 

3. Aims of the Biology Course 

The biology course, with which I am 
concerned in this article, has been deve¬ 
loped within the following framework: 
(1) its primary purpose has been to 
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provide a .sound introduction to modern 
biology for those children who will 
leave .school at the age of 16 and have 
no more formal science teaching; (2) 
as a secondary requirement, it hus aimed 
to provide a suitable background for 
more advanced, specialist work in the 
A sixth form leading to G.C.E. at Ad¬ 
vanced level; (3) a further role has 
been to provide a basis for additional 
courses of science at sixth form level 
suitable for those not pursuing science 
as a specialist subject. 

Stated in summary form, the aims of 
the course have been: 

(a) to foster and encourage an atti¬ 
tude of curiosity and enquiry; 

(b) to develop a contemporary out¬ 
look on the, subject; 

(c) to develop an understanding of 
Man as a living organism and 
his place in nature— 

(i) the usefulness and social 
implications of biology in 
relation to Man's cvery-day 
needs, e.g,, food and public 
health; 

(ii) the profound influence of 
Man's activities on other 
organisms; 

(iii) the way in which a study of 
biology enables Man to inter¬ 
pret observations that ho 
makes in every-day life; 

(d) to foster a realization of the 
variety of life and of underlying 
similarities among living things; 

(c) to encourage a respect and feel¬ 
ing for all living things; 

(f) to teach the art of planning 
scientific investigation the formu¬ 
lation of questions and the de¬ 
sign of experiments (particularly 
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the use of controls); 

(g) to develop a critical approach to 
evidence; 

(h) to develop the following ideas 
about biology as part of human 
endeavour— 

(i) biology has been developing 
over many centuries: there 
are many unanswered ques¬ 
tions about life: our ideas of 
life may change as new 
knowledge is obtained; 

(ii) that biological knowledge is 
the product of scientists 
working in many different 
parts of the world. Its pur¬ 
suit is international; 

(iii) that it is based not only on 
observation and experimenta¬ 
tion but also on questioning, 
the formulation of hypo¬ 
theses, testing of hypotheses 
and above all on communica¬ 
tion between people; 

(iv) developments in chemistry, 
physics and mathematics 
help us to make advances in 
biology. 

Our attempt to develop a more con¬ 
temporary, experimental and enquiring 
attitude in teaching and learning has de¬ 
manded not only consideration of what 
is taught (although this is obviously im¬ 
portant) but much more of how the 
teaching should be conducted, Through 
the medium of tire Texts and Guides, 
our aim has been to show how a more 
experimental approach in the laboratory 
(obtaining first-hand evidence) and a 
more critical approach to second-hand 
evidence (derived from the literature) 
can lead to a more lively and truly 
scientific outlook among pupils. 
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4. Time Allotment 

For those schools following the five- 
year course as written, we have sug¬ 
gested that the allotment of teaching 
time should be, during the first two 
years: two periods per week; during the 
remaining three years: three periods 
per week (one double and one single). 

We assumed the average length of a 
period to be 40 minutes. In addition to 
teaching time, we would expect the 
equivalent of one period to be allotted 
for out-of-school preparation during the 
first two years and one or two per week 
during the remaining tliree years. How¬ 
ever, as our extensive trials in schools 
have shown, the course can be used in 
a variety of circumstances. Indeed, flexi¬ 
bility is one of its particular features en¬ 
abling it to be adapted to teaching 
systems of widely differing kinds. 

5. Publications and Other Teaching 
Materials 

In the Nuffield Biology Course wo 
have sought not so much to introduco 
new factual material, although this lias 
been done to some extent, as to re¬ 
orientate the approach to that which is 
already taught. This has demanded 
new teaching techniques and new kinds 
of resource material. 

A. A Text for Students 

When considering the form our pub 
lication should take, one of the first 
questions we had to answer was whe¬ 
ther there was any justification for pro¬ 
ducing yet another textbook thereby 
adding to the multitude that already 
exists at tills level. Three considerations 
particularly, influenced our decision that 
such a book was necessary: 

(1) The fact that throughout the 


course emphasis is placed on ex¬ 
perimentation and enquiry seem¬ 
ed to us to dictate that practical 
and theory must be closely re¬ 
lated, the one growing out of 
the other. To divorce them by 
publishing the practical work as 
a separate laboratory manual 
would clearly have been a mis¬ 
take and contraiy to one of the 
principal aims of the project. 

(2) Unlike previous biology courses 
at this level, great emphasis has 
been laid on a more critical ap¬ 
proach to second-hand evidence— 
that obtained by scientists in the 
past on which the greater part of 
our learning depends. Wherever 
possible, instead of making dog¬ 
matic assertions of fact we have 
tried to provide a little of the 
experimental data on which 
particular assumptions have been 
based, thereby giving the student 
an opportunity to evaluate the 
evidence for himself and to draw 
his own conclusions, The extrac¬ 
tion and assembling of such data 
has proved an extremely labor¬ 
ious operation requiring time and 
facilities not normally available 
to teachers. A text provides the 
ideal medium for presenting such 
material in a form in which it 
can most conveniently be used in 
teaching. 

(3) By writing a text, we have been 
able to present biology as a uni¬ 
fied subject thus dispelling the 
idea still prevalent in some quar¬ 
ters, of the existence of two 
separate disciplines, botany and 
zoology. 
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As its name implies, tins important 
book provides ;i commentary on tin* 
eourse from the teaching viewpoint. The 
material it contains can be grouped 
roughly into three kinds: (15 notes on 
possible methods oi teaching different 
topics with suggestions as to how parti¬ 
cular .sections of the course might In 
presented from a practical and theme 
ticul .standpoint; (2) instructions regard¬ 
ing practical work including suggestions 
for introducing material alternative to 
that described m the text; (3) ‘cook¬ 
book* information on the construction 
ol apparatus, preparation of reagents 
and general labniatory know-how*. 

('. Ffltm Loops 

Kadi of these lasts about three minu¬ 
tes and is intended for use. with projec¬ 
tors such as the Technicolor BOOK. So 
far some 25 have been produced and 
these form an integral part of the course. 
They are of three main kinds: (1) deal¬ 
ing with dynamic processes which arc 
not easily observable in a school labo¬ 
ratory such as feeding in a housefly or 
the life cycle of the parasite Apantdes 
glomcralus; (2) illustrating experiments 
which cannot at present be conducted 
under school laboratory conditions, for 
instance, the uptake of G in photosyn¬ 
thesis; (3) showing the sequence of ft 
technique which the teacher would 
otherwise have to demonstrate to the 
class (probably several times), for in¬ 
stance, the squash method of making 
chromosome preparations. 

The fact that the operation of the 800E 
projector is so simple and no blackout is 
required, means that there need be little 
formality about using films under class¬ 


room conditions. Pupils can perfectly 
well \ irw tin* loops miMipervised, for in- 
stance as a means of revision if they find 
themselves in doubt about the sequence 
of a particular technique that they are 
using m their class practical work. More¬ 
over. the fact that they are silent, means 
that a teacher can use the. films to intio- 
duee experimental situations for discus¬ 
sion in class, 

0, Sequence of the Course 

The course is divided into five sec¬ 
tions each lasting a year. The first two 
years (age range 11 to 13) represent the 
introductory phase, while the remain¬ 
ing three (age range 13 to 16) are the 
intermediate phase, 

Introductoiy Phase 

Year 1 Introducing Living Things. 

Year 2 Life and Living Processes, 

Intermediate phase 

Year 3 The Maintenance of Life 

Year 4 Living Things in Action 

Year 5 The Perpetuation of Life 

Throughout the five, years a number 
of fundamental themes and ideas occur 
repeatedly and it is round these that the 
course has been built up. They ares 
(1) cycles of matter and energy; (2) struc¬ 
ture and function; (3) interaction of or¬ 
ganism and environment; (4) integration 
and homeostasis; (5) replication; 6) varia¬ 
tion; (7) adaptation; (8) natural selection; 
(9) classification; (10) man; (11) mathe¬ 
matical relationships and experiments, 

The aim of the introductory course is 
to provide training in observation, re¬ 
cording, the formulating of hypotheses 
and making simple deductions. In the 
early stages, the work is largely descrip 
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rive, but it becomes more quantitative 
towards the end of the second year. 
From the third yeai onwards the ap¬ 
proach is a good deal more rigorous and 
quantitative, and the design, of experi¬ 
ments of a more ‘open-ended’ kind play 
an ever greatei pai t. 

The first year couise opens with a brief 
survey of the variety of life which leads 
naturally into the problem of classifica¬ 
tion. This is followed by an investiga¬ 
tion of a living organism (an earthworm) 
in its natural environment, the intention 
being to intioduce students to the soit of 
problems that arise in biological experi¬ 
mentation. At tins point the need to 
identify organisms arises and a chapter 
follows on die use and construction of 
keys and the range of variation in plants 
and animals. The remainder of the year 
is concerned with the general theme of 
structure and development starting with 
cells and moving on to reproduction and 
growth in living organisms, including 
Man. Insects provide excellent mate¬ 
rial for such studies in the laboratory 
and the use of locusts and butterfles, such 
as Pieris brassicae , is considered in some 
detail, 

The second yeai begins with a study 
of mieio-organisms both from an expe¬ 
rimental viewpoint and m relation to 
Man’s everyday life, This provides a 
lead-in to such subjects as public health 
and the control of disease. The empha¬ 
sis of the course then changes towards 
a more quantitative approach and the 
consideration of sizes, shapes and move¬ 
ment in living tilings. Our aim here is 
to help children to appreciate the value 
of models, both physical and mathema¬ 
tical, in the solution of biological pro¬ 
blems, By now it is summer time and 


we return to reproduction in plants. 
The coiuse ends on a human note with 
a considenition of what ‘growing-up’ 
involves and finally places Mail in his 
ecological environment with emphasis 
on the need for conservation. 

The thiid-year course contains much 
of the material traditionally taught at 
this level, but the approach is much 
more experimental with extensive use of 
both first-hand evidence. Consideration 
of gaseous exchange leads on to respi¬ 
ration, food, feeding mechanisms and 
problems of digestion. Then follows a 
consideration of plants in relation to the 
atmosphere, photosynthesis and the or¬ 
ganism m relation to water. The course 
ends with a section on ecology which 
places the various physiological proces¬ 
ses considered earlier in their wider 
context. Since our approach to ecology 
differs radically from generally accepted 
practice, it will he considered separa¬ 
tely. 

The fourth year provides a logical 
continuation of the thiid and begins 
with ecology. It then takes up the story 
of water relations once more with a con¬ 
sideration of water control, substances 
in solution, transport and mass-ffow sys¬ 
tems. The emphasis then switches to a 
consideration of behaviour and the 
oiganisms as an integrated system, 
Study of effectors leads to sense organs, 
linkage systems and methods of adjust¬ 
ment, The kidney is used as an exam¬ 
ple of an oigan concerned with homeo¬ 
stasis. The later chapters follow a 
theme of the significance of behaviour, 
its survival value and the organism in 
its environment, including parasitism. 
Finally we consider how Man can influ¬ 
ence his surroundings and this leads us 
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lurk once again to const nation, now 
treat'd at u moir sophisticate tl level, 

The fifth-year course Jepiesents a 
radical departure from tiachtnmal tea¬ 
ching at this level It begins with a 
rnmideiation of the similarities and chf- 
(erences in living things icfoiring back 
to problems already introduced at an 
eleiuetitan level in Year 1, Tins leads 
cm to such questions as, how do simi¬ 
larities and differences come about, 
what is the material ol inheritance, how 
do new chuiaetcristies arise and how do 
genes woikV Investigation of the action 
of genes piuvides a lead-in to the pat¬ 
tern of development m living organisms 
and the problems of studying them. 
This brings us hack once again to the 
topic of reproduction (introduced m 
Year 1). which is now dealt with in 
gieater depth. The course ends with a 
study of genes in populations, natural 
selection and, finally, evolution, 

7. The Role of Ecology 

In devising the ecology section of the 
Nuffield Biology Com.sc we have been 
concerned to depict the sequence of 
events which leads up to the establish¬ 
ment of a living community, thereby 
providing a bnckgiound for the icsl of 
the course; particularly those portions 
concerned with physiology, behaviour, 
natural selection and evolution. We 
have rejected any ideas that study at 
this level should be concerned with 
'well-defined habitats' or with the 
bread description of ‘biomes’. We, 
begin with the fact of unequal distribu¬ 
tion, derived from a study of Pleurococ- 
cus on tree trunks and palings. This 
raises the question of liow organisms 
reach a habitat in the first place (some 


have to he moved; some can move on 
then ovviij, and what pjoblems fgee 
them m Incoming established, Compe- 
litmu and succession finally result in 
the fomution of an established com- 
innnity which is well illustrated from a 
study of sml or litter. Finally, the fad 
that organisms themselves piovide habi¬ 
tats for otlieis leads Lo a brief conside¬ 
ration of pai.isilism as an ecological re 
lationship. Each of these stages is lllus 
trilled by a series of investigations all of 
which can be conducted with the mini¬ 
mum of equipment and within the vici 
mty of even the most urban school. 
Emphasis is placed throughout on the 
relationship between investigation in the 
field and experiment in the laboratory, 
Tins applies also in the introductory 
eom.se. For instance, the study of earth¬ 
worms in Year I involves not only out¬ 
side observations but also the setting-up 
of wormeries I’m observation under ex¬ 
perimental cuuditunis, 

8, Background Heading 

A major problem of leaching at this 
level is providing pupils with adequate 
opportunities for reading outside the 
confines of the couise. Suitable refer¬ 
ences are often difficult to find and even 
if they aie available, their use by large 
numbers of students can place an into¬ 
lerable stuun on school libiury facilities, 
We have attempted to overcome this 
difficulty by puividing at the end of 
each chapter a few pages of Back* 
giound Reading, This is material in¬ 
tended for out-of-school use (possibly 
in Preparation) and covers a great 
diversity of topics each related to the 
chapter preceding it, For instance follow¬ 
ing a chapter on ‘Growing Bacteria’ we 
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have an account of Louis Pasteur, ‘How 
Animals Food’ is illustrated by the Lou¬ 
dest Noise on Eartli—the story of Kraka- 
toa and its subsequent iecolonization. 

9. Examinations 

At the outset of the Pxeject we realiz¬ 
ed that the nature of the examinations 
would ultimately determine whether it 
succeeded 01 failed. If wo wore to alter 
appioach to biology teaching, we had to 
devise a type of examination which was 
in sympathy with and complmnentaiy to 
our aims. Space does not allow a de¬ 
tailed account of the activities of our 
examinations organization, which has 
been concerned not only m devising 
new types of questions but also in a 
piece of fundamental lescaich into exa¬ 
mination piocedurcs, Suffice it to re¬ 
cord here two of our most significant 
innovations. The first of these has been 
the leplaccment of the traditional type 
of paper involving a few long questions 
by one containing numeious (about 40) 
short ones. This has had the dual ad¬ 
vantage of pioviding a wider coverage 
of the syllabus and also a greater relia¬ 
bility in the maiking. The second has 
been the intioduction of a structured 
and more objective kind of test with the 
various types of questions categorized 
so that their relative proportions can he 
adjusted at will. The six categories we 
have used are: 

(1) Simple recall-based question on 
factual material memorized by 
the candidate. 

(2) Association recall-questions de¬ 
manding the association of one 
piece of lecall information with 
another. 

(3) Experinmental recall—concerned 
specifically with the kinds of ex¬ 


perimentation which will have 
been eairied out by the candi¬ 
date 

(4) Experimental design—involving 
the design of experiments to test 
particular hypotheses, 

(5) Deductive—the, leading of giaphs 
and tables, formulation of hypo¬ 
theses from data piovided and 
th(> selection of the most likely of 
a number of different hypotheses 

(6) Continuous piose—a short essay 
(about 250 words) intended to 
test a candidate’s ability to ex¬ 
press himself in his own words on 
a biological topic. 

This airangemenl is in marked con- 
tiast to existing examination papers in 
biology at O-level where the questions 
me almost invariably of the simple re¬ 
call type. We have also considered 
carefully the merits and disadvantages 
of multiple-choice questions and have 
made use of them in our papers to a 
limited extent, In bringing about these 
changes in examining appioach we have 
owed a great deal to the help and co¬ 
operation of the various Examining 
Boards. The fact that last July saw the 
second Nuffield G.C E. O-level Biology 
Examination beais testimony to the 
degree of co-opeiation that has existed 
between the Boards and the Nuffield 
Biology Pioject. At long last wo have 
an examination designed to conform to 
a mode of teaching lathoi than a way 
of leaching dictated by the nature of au 
examination, There is no doubt that we 
still have a lot to learn m this field, but 
at least a start has been made—we hope 
in the right direction 
10. Trials in Schools 
A featuie of all the Nuffield Science 
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Teaching Pmjrtl 1i;is Been close emi- 
sull.ilioii .it even' level of the educa¬ 
tional i difii e, p.utirul.iilv with .schools, 

I Minimi inllrgcs, technical < alleges anil 
unis * t si*y di partments, In addition, 
the materials and evuninatimis have 
hccii subjected to extensive trials under 
elassi ocim conditions. During the year 
lUdd-Rl the thud-year course was tried 
out hv some d5 .schools involving 100 
teueheis and 2500 clnldien In ItKM fi.5 
dials ol the vvhnle fhe-\ear course weic 
enndiieted in 15 selmnls with 82 teach¬ 
ers and -1‘KHl clnldreii. Thiouglimil all 
these tiials enimnent bv teachers- was 
sent in weekly, numerous gioup meet¬ 
ings of piuticipating leaeheis were held 


and a n-pnilmg system was set up based 
on geogtaphie.il areas. In the light 0 f 

all this How of inhumation, the texts 
guides and films have been extensively 
icvised poor to their publication. Per¬ 
haps theic is little need to emphasize in 
conclusion what. I hope, will be clear 
already horn tins account, namely that 
thi- Nuffield Biology Project has been a 

co-operative eiilcrpii.se, not just the acti¬ 
vity of a few individuals. The resulting 
course lias been devised and vviitten by 
teachers loi leaeheis and has been sub¬ 
jected to die most exacting tests in 
even kind of secondary school in 
Britain. 
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The general aim of this scries is lo stimulate the Interest of school children in the world 
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and missiles, and takes the story right up to latest inventions of 
modern warfare. 
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Scientists you Should Know 


n R. RAM NIVAS RAI, belter known 
^ to ns all as Di. Rai, relinquished 
his post on April 29, 1968, as the Head 
of the Depaitment of Science Educa¬ 
tion after a period of five long fruit¬ 
ful years, Ilis colleagues in the De¬ 
partment bade lnm farewell with mix¬ 
ed feelings of soirow and delight. 
They weie sorry that this happy asso¬ 
ciation with such an eminent science 
educator had an end, as all good things 
in nature have. The delight was that 
they were celebrating their long asso¬ 
ciation with an illustrious leader and 
a well-known scientist. 


Dr. R. N. Rai 

Dr. Rai is well known among all 
physicists of this country. lie has been 
leaching physics to several hatches of 
undergraduate and postgraduate stu¬ 
dents in Allahabad and Delhi univer¬ 
sities. But, towards the end of his 
official careci, he did not deem it as 
coming down, when he agreed to serve 
the cause of science education in 
schools He toiled in his new post 
with dignity and purpose, at a lime 
when very few persons from the cita- 
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dels of mmtjMty portal v wi re awneiat- 
ins* rtn*niM*hik with matters r*f .winin' 
rtlut alum hi sri'tmd.iry s< hnols Hi' js 
now leaving, the Depaitim nt with the 
luppv memory that due to several pin- 
gramim s l.nuii lull by tin* Ministry n( 
Kriueatmii ami to Mime extent by hit 
nun i IhnK. a large number of tncm- 
1 11 • rs nf wit nee faculties of .several uni¬ 
versities are now at lively associated with 
the Department of Science Education 
and the National Council of Kduea- 
tional Research ami Twining in draw¬ 
ing up syllabi, writing of teaching 
materials, conducting summer schools 
for thi* talented students, helping in 
picking out scientifically talented pu¬ 
pils ami in various other ways. With 
the letirnnent of Dr. Rai we can say 
that erne glorious ehapter-the first chap¬ 
ter-in the history' of science education 
of this country has been completed. 
There are many more chapters to this 
bunk and it is for his successors and 
erstwhile colleagues to continue the 
task and guide science education into 
proper lines. 

Young Ram Nivas spent his child¬ 
hood in the village Snhantlanli in 
Gorakhpur District in U.P where ho 
was born on April 30, 1007, lie. was 
the eldest of three sons of Sliri Triveni 
Rai and Smt, Urmila, lie had his 
early education in the village school 
and passed the final vernacular exami¬ 
nation in Hindi as well as in Urdu from 
a small town school in Gola Bazar in 
Gorakhpur District. Even at this early 
stage he showed his academic prowess 
by attaining distinction in mathematics. 
After a further study in high school 
with English and science subjects, and 
by dint of hard work and industry he 


mi mid a first division in science in 
(he school leaving examination in the 
vi.ir V)2l\, He joined the famous 
Kwing Christian College at Allahabad 
for the collegiate classes. In the B.$c. 
Ilium .) class he took physics as the 
mam and chemistry and mathematics 
as subsidiary subjects. He passed the 
examination in the first division in the 
year 1931 and was ranked first, His 
teacheis included such illustrious pro 
fesMirs as Prof. Meghnad Saha, FRS 
who later became the Director of the 
Institute of Nuclear Physics, Calcutta, 
which is now known as Saha Institute 
of Nuclear Physics; Prof. N. R. Dhar 
who is now the Professor Emeritus at 
Allahabad University, and Prof. A, C, 
Rannerji who later became the Vice- 
Chancellor of Allahabad University, 
Later in 1932 Dr. Rai passed his M.Sc, 
course in physics also with a first class 
and first rank. After a period spent 
in research on" Propagation of electro¬ 
magnetic waves in the upper atmos¬ 
phere" he received his doctorate in 
1931. He then entered the teaching pro 
fossion by accepting the post of Lec¬ 
turer at the Allahabad University. After 
teaching for eight years at Allahabad 
he joined Delhi University and con- 
tinned to leach physics till the year 
1959. He. became. Reader in the year 
19-18. After such a long period of teach¬ 
ing his services were, claimed as 
Principal by the Sanatana Dharma Col« 
lege in Delhi which began its science 
course in 1959. He ably guided the 
work of this college, and moved so 
well with his colleagues that even now 
Dr. Rai is respectfully remembered 
both by his former colleagues at the 
college and also the past students. 
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In Septembei 1962, he went, to 
U.S.S.R. along with Prof, R. C. Majum- 
dar of Delhi University, Prof. N. V. 
Subba Rao of Os mania Univeisity and 
Dr V, S, Patankar of the U.C.C. The 
team visited the Soviet Union and stu¬ 
died the science piogrammes. They 
also visited the exhibition of Soviet 
achievements and the Institute of Semi¬ 
conductors at Leningrad. In Jammy 
1963, he was appointed the Head of 
the Department of Science Education 
of the NCERT. 

At the time he joined NCERT the 
Ministry had already drawn up a pro¬ 
gramme for the improvement of science 
education. Dr, Rai applied his mind 
to this task and developed a pro¬ 
gramme of piojects and plans for the 
improvement of science teaching 
in the school. In the beginning 
he had only a limited staff and for 
the amount of work turned out and for 
the amount of work he has planned 
for the future the number of workers in 
the department is none too high even 
now 

It is not possible to single out any 
one piogramme as a highlight of Dr. 
Rai’s tenure of office in the Depart¬ 
ment. He was keenly interested in all 
the aspects of the programme and de¬ 
veloped them to vciy successful levels. 

When the NCERT set up several 
panels to prepare new and modern 
textbooks in science subjects suited for 
use in Indian secondary schools, Di. Rai 
associated himself actively with the 
physics panel, and largely by his efforts 
and those of the Chairman of the 
panel and others the first part of 
the physics textbook has now been 
published. He devoted a large amount 
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of his time and care for the prepara¬ 
tion of this book. 

A high powcied Uncsco Planning Mis¬ 
sion visited tlio eountiy at the invilion of 
the Ministry of Education and sub¬ 
mitted a lepoit on the teaching of sci¬ 
ence in Indian schools. Based on the 
recommendations of this Mission, the 
Department has undertaken a project of 
leaching of science and mathematics 
as individual disciplines beginning fiom 
the middle stage of the school educa¬ 
tion Di. Rai gave able guidance to 
the development of this pioject and its 
details. At a time when he is leaving 
the Department the pioject has already 
successfully completed two years and 
it has spread from 31 schools to all the 
schools in Delhi, and some stales in 
the eountiy arc adopting this project 
in a few of their schools, The teach¬ 
ing maleiials for this pioject have 
been piepaied m tin's department, The 
project is now well set to vcnliue on 
the second phase of the pioject, name¬ 
ly, the continuation of it in the last 
Ihice yeais of the high/higher secon¬ 
dary schools. 

In 1966, the Council sanctioned a 
new curriculum project on science and 
mathematics under which 20 study 
Groups have been established in Uni- 
vcisity centres. Each study group is 
entrusted with the. task of drawing up 
a curriculum in science for all students 
in a ten-year school. While helping 
the. Study Groups in all subjects Dr. 
Rai paid particular attention to the 
Study Groups in Physics. 

Another facet of the programme of 
the Department is its project for 
strengthening science teaching through- 
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out the school stage, with assistance 
from tin 1 rNlCKF. Here also a sen- 
good working plan has been drawn up 
through which the Ministry hopes to 
distribute equipment, train teachers 
and produce curricula and test materi¬ 
als on science for all levels of the 
school. 

On the Science Talent -Search Scheme 
of this Department which aims to spot 
scientifically talented students at an 
early stage Dr, Rat has left the deepest 
impression. Many will remember Di, 
Rais role in the Interview Hoards, 
in the organization "1 test papns and 
other matters, 

Apart from these few projects men- 
tinned, there have been several otheis 
in which he took keen interest and 
carried the programmes to successful 
levels. 

lie. has also served as a Member of 
the Board of Scientific Terminology 
Committee of the Ministry of Educa¬ 
tion. This committee has brought out 
A consolidated pjomrtj of technical 
terms in Hindi and Dr. Rai helped 
the physics sub-committee of this 
Board. 

During recent years he has been tak¬ 
ing a keen interest in the production of 
scientific literature in Hindi. He him¬ 
self has got abundant love for Hindi 
and his great desire is to produce 
books in Hindi on scientific topics, 
His interest is not confined to physics. 


He is a kieit lover of nature and shows 
'.treat interest in birds and in flower, 
ing shrubs and trees. He is also in. 
Icicsfi'd in the latest developments in 
Inning) His interests in physics and 
ntlu'i m icncr subjects is very well re- 
lid ted in the choice of books he lias 
nude foi tin* ,science Binary. 

As an individual Di. Rai is intensely 
human. lie looks at every pioblem in 
its right perspective. He is very kind 
and consult rate. He is always cheer¬ 
ful anil has a keen sense, of humour, As 
a matter ul filet, when some one asked 
Imn how he keeps himself so fit, he 
remarked that the secret is due to the 
fact that lie does not worry over 
matters hut always faces them with a 
laugh. There are very few who com¬ 
bine these qualities and academic dis¬ 
tinction. 

It is hoped that Dr. Rai would con¬ 
tinue to show interest in the progress 
of Science Education and particularly 
in the work of the Department of Sci¬ 
ence Education, Has former colleagues 
an* looking forward to act in coopera¬ 
tion with him in future. 

Finally School Science wishes him 

f 

well in his well-earned lest, We 
aie, very grateful for the guidance and 
help lie has given in the publication of 
this journal and we look forward to 
useful contributions from him to this 
journal. 

s, PORAISWAMI 
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Roentgen’s X-Rays 


C EVENTY-ONE years ago, in the 
^ months of January and February, 
1896, the newspapers and journals 
canied the sensational news that it was 
possible to photograph the bones of a 
person’s hand and his other bones too 
without having to bieak the skin. The 
name of 52-year-old Wilhelm Conrad 
Roentgen, the discoverer of this new 
technique, was on everyone's lips. 

The discovery of X-rays was more or 
less the result of an accident. Roentgen 
never made any secret of this. He 
was actually making some experiments 
into the properties of electricity in tubes 
that had been made as much a vacuum 

Fiom German News Weekly, Feb. 11,1967 


as possible. He had covered a vacuum 
tube with black paper and had turned 
ouL the lights. He was passing an 
elccliic cuircnt tlnough the tube flora 
the negative prole to the positive prole 
when he noticed that something on his 
desk was glowing. This was a screen 
envoicil with baiium prlaLinocyanide. 
lie wont over to examine the screen 
and found that it continued to glow 
even if it was two nreties away from 
the tube. 

Naturally, as he was moving the 
screen about his hand got between it 
and the somcc of the lays in the tube. 
Immediately he saw that the bones of 



his hands were visible on the screen. 
Of com sc this was very int eresting, but 
he would have to know something 
about the properties of these rays be¬ 
fore he could see whether this dis- 
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cover)’ was of real piaetieal value lie >4 sears had to pass before it svas dis- 
devoted all his attention to the study envoied that X-rays ate an fact waves 
of these jays and on the :13rd <if pist like lachowavcs though of a much 
January, 1S96 gave the first public lee- shelter frequency, 
tore on the subject at the Imiveisity of basically the X-iay machine works 
Wuerzburg in the south of Oeimany. like this: if two metal teiminals are 
Rudolf Koelliker, a veleian anatomist, sealed into a tube fiom which air lias 
allowed his hand to he X-tayod and been lemoved so that it is a near 
then the plate was developed, It was \annum and then an elecliical current 

shown at the. end of the. leetnie and is passed between these, tsvo terminals 

caused a stoim of interest. People had the whole tube, will glow with a rosy 

found that photographic plates in the light as the cliaige passes from the 
vicinity of vacuum tubes through winch negatin' terminal to the positive one, 
electricity was being passed later turn- If this How of cunent is directed at a 
cd out to be exposed though they had teiminal made, of platinum or tungsten 
been well envoied. However, Rocnt- a my of great penetrating power will 
gen was the liist man to follow this be produced. This is the. X-ray. This 

up. lie was the man who not only ray can then penetrate matter, The 

made the. observations hut also diesv question now natmally arises as to why 
the right conclusions'. the rays go through skin and flesh but 

And this was Roentgen's .senel. lie not through hone. The, simple expla- 
alwnys called his rays X-iays standing nation is that skin and flesh arc coni¬ 
fer the unknown. In fact, a mirnbei posed of oxygen, hydiogon and carbon, 
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And the atoms of oxygen, hydrogen 
and carbon have only a few electrons 
and protons in the case of the hydrogen 
atom only one of each, Such atoms 
are less dense than the atoms' of the 
substances that go to make up hone 
such as calcium and phosphorous which 
have more protons and elections, That 
means there is more room between 
them and that rays can pass through 
them more easily. The fact that Roen¬ 
tgen discovered this, though without 
understanding quite how it worked, 
was an accident, Snnihuly it was an 
accident that made it possible for 
Roentgen to entei academic life. For 
one leason or another he failed to pass 
his school-leaving examination and 
theiefoie could not enrol for universi¬ 
ty studies. However, lie managed to 
go to Zurich in Switzerland where lie 
studied mechanical engineering at a 
Polytechnic. Later on he showed his 
talents and reached German Universi¬ 
ties, 

He was awarded a numbei of 
honours for his work on X-rays but be 
refused to grow rich on them, lie 
preferred, as he put it, to observe the 
good tradition of German professors 
that discoveries and inventions belong 



licensing arrangements and the like, 
become the properly of single enter¬ 
prise's lie also refused a title that he 
was offered, And when the day came 
for him to be awarded the first Nobel 
Prize for Physics he gave the money 
attached to the prize to needy chil¬ 
dren. He died on 10th February, 
1923. 




Unesco Pilot Project in IS'cw 
Approaches to Tcachinir in 
Africa 


International Working Group 
(September 1967-Feb. 1968) 

N September 1967, the 1WG assem¬ 
bled al University College, Cape 
Coast, Ghana, Work began with a con¬ 
sideration of a draft syllabus foi junior 
biology, that is, the first two or three 
years of secondary education. Plans 
were also formulated for the production 
of teacher guides for specific top'es in 
years 3-5 in secondaiy biology courses. 
At about the same time two trial exer¬ 
cises were performed, one involving 
colonisation of disturbed ground by a 
weed, the other involving succession in 
a freshwater environment. During this 
introductory period the Group received 


f onsulei.iMe ads ice fiom Mr. W, H, 
Dowdi-swell of the Nuffield Biology 
Piojivl, Wink was stinted on section 
of Junior Biology. 

IW’essor Sa/oiiov.t (of U.S.S.R.) join- 
ed the Gioup o.uK in November and 
stayed for two months, During hei 
visit, much of tin- pielimiuaiy woik on 
in erobiology and pai asitology was com 
plcted, both for Junior Biology and 
the Teacher's Guide. At about the same 
lime, chaft chapteis on reproduction and 
iiutution weie completed for Junior Bio- 
logy. Mi J, Hall and Di. L, Cole, both 
ul llii- Dtiivoisily oi Ghana, visited the 
Gioup and helped in forest ecology, 
1’aitly as a icsult of llieii visit, chapters 
on eiiviionmciit foi Junior Biology were 
dialled in imigli. 

During l)i. Sa/onova’s visit, a trip 
was made to the Institute of Health and 
Medical Reseaieh, Accra, and studies 
were made on malaria and schistoso¬ 
miasis as well as other diseases, Mr. 
Talbulla (from the Sudan) then anived 
and during his stay with the Group dis¬ 
cussions weie held on the integration of 
Junior Biology with General Science, 
This lesnllod in a revised syllabus for 
Junior Biology, copies of which were 
sent to Study Gioups in January 1968. 
The Volta Dam was visited in Novem¬ 
ber During this Uip the Group leceiv- 
od help from Professors D. W, Ewer 
and Lawson, both of the University of 
Ghana. Other members of staff of the 
University of Ghana also participated 
and introduced the members of IWG 
to the sLudies of new lake ecology. 

Towards the end of Decembei, most 
of the Group moved to Fourah Bay 
College, Freetown, Sieira Leone. 
Mr K, Goldberger and Mr. Coo joined 
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the group about this firm-, both arc film 
specialists. While at Fi cetovn two film 
loops weie initiated: one of life history 
of the citius swallowtail butterfly, the 
other on mangrove swamps. Plans were 
made for other film loops. The Croup 
returned to Cape Coast m early 
January. 

At the lime of writing (end of Felnti- 
aiy, 1968) weak proceeds on revising 
the chapters of Junior Biology in the 
light of the new syllabus, and diafting 
the new chapters. The arrangements 
are made to publish the fust experi¬ 
mental version of this maleiial, in the. 
form of 12 booklets, possibly with a 
teacher’s guide. One teacher’s guide 
for Senior Biology (in school mieio- 
biology) is in the final stage of pre¬ 
paration, Dr, Biran, specialist m prog¬ 
rammed learning, joined the Group irr 
mid-January. lie stalled lcctuies in 
programmed learning and is preparing 
three programmed students booklets 
with the corresponding teacher’s guide. 
Owing to the extension of contracts for 
both film specialists more film loops 
aie planned, 

Since the Group commenced opera¬ 
tions in September, further participants 
have joined us and the following coun¬ 
tries are now represented Botswans, 
Ethiopia, Ghana, Kenya, Lesotho, Ma¬ 
lawi, Nigeria, Somalia, Sudan, Tanza¬ 
nia, Uganda and U.A.R. 

An Insecticide From Waste 
Paper 

FEW years ago Professor C. M. 
Williams of Harvard University 
followed up a chance observation, and 
discovered that American newspapers 
and certain other paper products inhi¬ 


bit the normal growth and develop¬ 
ment of the eggs and the mature stages 
of a plant-eating bug, Pyrrhocoiis 
(iptcnm. 

The reason foi this was subsequently 
found to be that some bees used in the 
manufacture of paper, especially the fir- 
tree (Abies bahamea) produced a subs¬ 
tance, provisionally named the “paper 
factor” which acted on the insect in tire 
same way as its own “juvenile hor¬ 
mone.’’ 

The noirnal effect of this hormone is 
to pi event the premature appearance of 
such adult features as wings and repro¬ 
ductive organs in developing insects, 
and its production stops when they are 
ready to become mature. If, however, 
they are then exposed to this "paper fac¬ 
tor,” it completely upsets their transition 
to maturity, and though possibly moult¬ 
ing once or twice more, these insects 
novel become able to reproduce. 

Now Professor Williams and Profes¬ 
sor K. N. Saxena, of Delhi University, 
Irave found that the “paper factor” is 
also effective against a plantbug which 
is a considerable pest of cotton in India 
—the Red Cotton Bug, Dysdercus koe- 
nigii. This bug is a relative of P. apte- 
nis, and belongs to a genus of insects 
known as "Cotton Stainers” from their 
habit of piercing tire cotton bolls and 
contaminating them with a fungus 
which stains the fibres. 

In their experiments, Williams and 
Saxena used an extract of American 
paper towels, and found that this inhi¬ 
bited the bug’s development, stopping 
the formation of adult features, and pre¬ 
venting the shedding of the old cuticle 
after moulting ( Nature , Vol. 210, p. 
440). 
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These woikns point out that, although 
this is not vita practical proposition as 
an ittsi rtit ale, the starting maliTials— 
Anieiiian newspapns and other paper 
products- .tie available in India in 
viituails unlnmtt <1 quantities'. 

If a mnie highly puriliod piepaiation 
iit "paper factor” can lie pioduced, there, 
are prosper Is ot controlling this pest 
selectively The prospects ait’ particu¬ 
larly good because the insects arc un¬ 
likely to be aide to evolve any icsistance 
to it. This method of control would 
thus avoid one of the mam (hawbucks 
found in recent years to be involved in 
chemical control of insect pests. 

I-roin M\v s< tiNilsi, 10 June 1%H 

Food From Natural Gas 

pi OH some years, research has been 
A- going on into the possibility of 
manufacturing human or animal food¬ 
stuffs economically from petroleum. 
The British Petroleum’s effort to obtain 
protein while disposing of relatively 
useless waxes has been described by 
Alfred Cliampaguat and D.A.B. 
Llewelyn (“Protein from petroleum”, 
Now Scientist, Vol. 16 p. 612), The 
latest reports from this work were that 
large stocks of artificial protein were 
being built up to bo used in feeding 
tests on many generations of animals. 
Esso Research and Engineering, in the 
United States, have been working along 
the same linos, and have reached a 
similar stage. 

Meanwhile, the petroleum situa¬ 
tion has changed with the emerg¬ 
ence of natural gas as a plentiful raw 
material. And last week Shell an¬ 
nounced that it had been exploring 
the conversion into protein of the 


lightest petroleum product of all 
methane. British Petroleum have also 
been working on this pioblem, but for 
a rather shorter tune — a little over a 
rear - and have not yet released any 
pi ogress lcpmls. 

It need cause no surprise that some 
suit nf protein is available from me¬ 
thane, Indeed, it is sometimes said that 
there is hardly a material known of 
which some micro-organism cannot 
make, good use. While some bacteria 
are totally dependent on a complex 
imst environment, others have a built- 
in adaptability which enables a single 
species to use* any one of over a 
hundred alternative organic compounds 
us its sole souico of carbon. Many of 
them derive their energy by oxidizing, 
instead of cat bon compounds, inorganic 
materials such as sulphur, hydrogen and 
combined iron. Lord Rothschild, 
announcing the work on methane con¬ 
version last week, said that there was 
one bacterium that lived exclusively on 
the. pesticide Dicldrin. 

Having found an organism which 
can metabolize methane (or whatever 
other mateiial, looks as if it might be 
cheap enough to constitute a com¬ 
mercial proposition) the problems are 
to develop a good extraction process 
and to establish that the organism 
constitutes a safe and useful food, 

The original British Petroleum pro¬ 
gramme is proving a protracted one, 
Tire business of extraction from the 
waxy substrate requires a consider¬ 
able research effort: and a great deal 
of time is being devoted to nutritional 
tests with many generations of animals 
(see also “Notes and Comments”, Vol. 
21 p, 67). The company is apparently 
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still not prepared to make any predic¬ 
tions as to the economics of the process. 

The Shell research, being carried out 
at the Milstead laboratories ru Kent by 
Dr. J.R, Norris and Dr. DAY. Ribbons, 
is in a far younger stage. A few thou¬ 
sand pounds have been spent on it, 
and only enough protein has been pro¬ 
duced foi small-scale laboratory tests 
on such animals as rats. But at least 
the extraction stage appears to be quite 
trouble-free. 

The Shell scientists arc using a num¬ 
ber of qurtc dissimilar bacteria, as yet 
unnamed, all unrelated to the pet¬ 
roleum-wax varieties. Indeed, methane- 
eaters show no inteiest in even the 
next lightest member ol the paraffin 
series, ethane. The baclcna weie hied 
and purified from extracts taken from 
a number of natural sources, including 
lake water and the soil of oil-bearing 
regions. Much of these first two years 
was taken up by studies of their 
biochemistry. 

The conversion procession consists 
essentially in bringing a suspension of 
the bacteria in water into contact with 
methane gas. Ammonium nitrate is 
satisfactory as a souice of the essential 
nitrogen, and some solids are also 
needed. The becterium feeds and mul¬ 
tiplies , and is extracted from tlie 
aqueous solution cenlrifugally. The 
chief by-products are carbon dioxide 
and water, and the others are all ap¬ 
parently watei-solublc. 

It is estimated that a ton of bacterial 
protein might be obtained from three: 
tons of methane in this way. It should 
be remembered that the bacteria con¬ 
sist of all classes of organic material — 
protein constitutes rather less than half 


then chy weight. 

As to the value of the bacteria as 
food, it has so far been established that 
the}' seem to be non-toxic (the experi¬ 
menters, as well as their laboratory 
tats, lune eaten them with impunity). 
The balance of amino acids and the 
vitamin content have not been publish¬ 
ed. but one of the researchers has 
hazarded the guess that an animal 
might be able to live, on the bacteria 
exclusively. This guess is academic, 
oi comse, for the aim of all such work 
is to pmduce a souice of high-piotein 
food which can be used to supplement 
a cheapei but deficient traditional diet. 

The next step is to verify in piactice 
these hopeful predictions, of nutritional 
adequacy - a stage which, if the BP 
proguumne is anything to go by, can 
lake a long time. 

lake BP, Shell is unprepaied to make 
any pionmuieemenl.s oil the economics 
of the situation, fraught as it is with 
the complexities of dietetics and inter¬ 
national finance and the shifting rela¬ 
tive prices of different fossil fuels, For 
the moment it is enough to say that a 
small stake lias been laid on a line of 
research that offers high prisms at un¬ 
known odds. 

I'rom Niw sni Nrisr - 30, No, 500, June 1966 

Tomatoes Are Thin-skinned 

rTpOUDII citizens devour fresh lorna- 
toes whole, skin and all, but this, 
ol course, is not good enough for the 
cunning industry or lor the fastidious 
housewife making her own soups, juices 
and relishes. The tomato’s skin, though 
thm, is extremely adhesive, and its 
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removal puses quite .i scientific 
problem. 

'Iheic ,11 e \minus ways of skimiim» 
a tomato one way is to tub the mu fact* 
with the hath of a knife and then to 
stalp it; aunthet method is to immerse 
the tomatoes in boiling water, chain 
them and skin them; a third method is 
to plaee the tomato on a ioik and heat 
it until the skin cranks. 

All these techniques bust* the dis¬ 
advantages of taking lime and of being 
ctuel to the tomato, which retaliates by 
not coining up to the standards set by 
the United States Institute of Standards 
for the grading of canned tomatoes. 

Scientists of the Volcani Institute for 
Agricultural Research Department of 
Food Storage and Technology, B, Juven, 
Z. Samish, K. Ludin and S. Zahavi, 
have taken the tomato in hand, and 
have tested various methods' of peeling 
it, while maintaining the natural colour 
arid firmness of the fruit requited hv 
industry, 

They have compared such methods 
as steaming the tomatoes and then 
peeling them; dipping them into an 
10 per cent cold lyc solution (NaOII) 
followed by steaming or immersing in 
licit water; or dipping them into hot 
lye solution. 

The efficiency of the lyc peeling was 
found to depend on die concentration 
and the temperature of the lyc solution, 
on the time of dipping and on whether 
the fruit was ripe or not. Results show¬ 
ed that the best method was dipping 
in hot lyc (90-95°C) for 20-25 seconds. 
This provided the easiest way of peeling, 
as well as the highest quality of peeled 
tomato and the minimal peeling losses. 

When 0,2 per cent detergent was 


added to the lyc, this impiovcd the 
peeling piocess significantly, reducing 
peeling losses by 11101 c than 40 percent 
without affecting the natural colour 
and firmness of the fruit. The effici¬ 
ency of the dctei gents tested in the lye 
peeling was not propmtional to their 
effect cm (lie surface 1 tension of the 
NaOII solution. 

Blue Green Algae Help the 
Rice Crop 

rpHK plants and bacteria which fix 

nitrogen, that is, absorb this valu¬ 
able element from the air and make 
nitrogenous compounds from it, arc 
vital to the whole life cycle on earth, 

Niliugencius compounds are scarce, 
and iudustiy has had to supplement 
the clients of the nitrogen-fixing organ¬ 
isms by artificial means, but the natural 
nitrogen fixers still lCinain the most 
important. The best known of them 
are the bacteria, such as Azolobncteria 
winch live in nodules on the roots of 
leguminous plants, a iiartnersliip from 
which both sides benefit. But there is 
nenv a growing amount of evidence 
that a group of very tiny plants called 
the blue-green algae also play an im¬ 
portant part in nitiogen fixing in 
nature, they may even be as important 
as the bacteria, 

Blue-green algae are common on 
sheets of fresh water and are found 
forming dense masses along the mar¬ 
gins of the sou in some temperate 
regions. They are also often found on 
tlu* surface of wet soil, but only on 
the surface, since like other plants 
they are dependent on daylight for their 
growth. Their blue-green pigment 
tiaps light for energy as the chlorophyll 
does in green plants. 
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The algae are particularly common 
in paddy field, and within the last few 
years it has been realised that they aro 
responsible for fixing and .supplying 
much of the nitiogen needed by rice 
plants in the form of nitrates. In this 
way they are vital in providing food 
for moie than half the world’s popula¬ 
tion, The next logical step is to try to 
improve crop production, in particular 
paddy by adding artificially grown cul¬ 
tures of blue-green algae to the fields. 
Professor Watanabe, in Japan, lias car¬ 
ried out some pilot experiments in 
which large cultures of blue-giecn 
algae were added to rice crops, result¬ 
ing in a defimte improvement in the 
nitrogen content of the crop and in its 
overall yield. At present this is not an 
economic process because of the high 
cost of culturing the .algae. 

Researchcis under Professor Tony 
Fogg of the Department of Botany at 
the Westfield College in North London 
are thinking of culturing algae on a 
much larger scale than has been at¬ 
tempted so far. One idea is to grow the 
algae in huge vats on large open lakes. 

Mr, W. Stewart of Westfield College 
has been investigating the possible use 
of blue-green algae in another agricul¬ 
tural role and has had encouraging 
results. His idea is that it may be 
possible to use blue-gieen algae to 
colonise barren arid soils, and so help 
to solve the world shortage of agricul¬ 
tural land. Blue-gieen algae arc natural 
plant pioneeis, They are very often 
the first plants to appear on arid soils, 
They are able to form a gelatinous mat, 
which helps to stabilise loose sand 
grains on the surface of the soil, by 
gluing them together, and they im¬ 


mediately start to improve the nitrogen 
content of the soil and so make it possi¬ 
ble for other plants to settle, with root 
systems which hold the sand together 
more cdfectively and prevent erosion. 
The prospects for using blue-gieen 
algae as soil colonisers in this way are 
good, providing the culture cost hai¬ 
rier can be broken. 

There may be a third agricultural 
use for blue-green algae, that is as a 
source of chemical extracts to en¬ 
courage seed growth. Experiments in 
India and at Westfield College have 
shown that algal extracts used to treat 
paddy seeds make the paddy grow faster 
and develop more. They increase the 
yield of the future paddy plant and raise 
the protein content of the grain. No 
one is quite sure which element it is 
in the algal extract which is responsible. 
It may be nitrogenous compounds 01 
plant hormones, or both. Other sub¬ 
stances may be involved. But there is 
some natural biological relationship be¬ 
tween algal compounds and rice growth, 
which it has now been shown, can be 
duplicated and artificially enhanced to 
improve production of the world’s most 
important crop. 

Blue-green algae are frequently the 
first plants to colonise arid soils. They 
stabilise loose sand and enrich the soil 
with nitrates, making it possible for 
other plants to get a foothold. The 
algae may have been one of the first 
organisms to colonise the land surface 
of the Eaith, million of years ago. 

In India too, a lot of work has been 
done and is being done on the useful¬ 
ness of the blue-green algae in agri¬ 
culture at Madras and Banaras Uni¬ 
versities and in the I.A.R.I., New Delhi, 
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"ut less than SO per cent of the problems, 
wilt he published in the subsequent Issue, 
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placed by a larger number, but it can 
be replaced by .smaller ones. Can you 
sny which ones ?) 

SS38 


Problems 36 to 45 
SS36 


A fly sat down at a vertex of a regular 
octahedron (Figure 2) and decided to 
visit vertices walking along its edges in 
such a way as to pass by each edge ex¬ 
actly once, and return to the starting 
point. Having clone so, it tried again on 
a rhombic dodecahedron (Figure 1). Can 
you say whether the trial was success¬ 
ful? 


Shcnv that 3 1BB +4 is divisible by 
13, 49, 181 and 379, and is not divisible 
either by 5 or by 11. 

SS37 

Divide a triangle into 19 triangles in 
such a way that at each vertex of tire 
newly formed figure (and also at the 
vertices of the original triangle) the 
Same number of sides meet. (In this 
problem the number 19 cannot be re- 
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5539 

Cities A,B,C,D, lie at the corners of 
a square with sides of lOQKm. Wo have 
to so plan the railway lines that each 
city is joined with each of the remain¬ 
ing cities (junction stations other than 
cities A,B,C,D, arc permitted), and the 
total length of the lines has to be mini¬ 
mized. How would you plan the rail¬ 
way lines, and what would be the total 
length of the railway lines? 

5540 

We have 5 objects all of which have 
different weights, and we wish to 
arrange them in a sequence of decreas¬ 
ing weights, We possess a balance, 
without a set of weights, on which we 
can compare the objects pair-wise. How 
must we proceed in older to arrange tho 
objects in the fastest possible manner 
(that is, by using the minimum number 
of compaiisons)? 

5541 

A rectangular card ABCD is folded 
through one vertex A so that the remain¬ 
ing vertices B,C and D all fall on a side, 
thus forming three triangles with areas 


in arithmetic progression. If the area of 
the smallest triangle is 15 sq. cm., what 
is the area of the largest? 


c OB 



Fig, 3 


SS42 

Tluee segments 3, 4 and 5 cm. long, 
one from each vertex of an equilateral 
triangle, meet at an interior point. How 
long is the sido of the triangle? 



SS43 

What is the curve of minimum length 
which bisects the area of an equilateral 
triangle? 
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The number 3 can be expressed as a 
Mini of one or more positive integers in 
four ways, namely as- 3, 1+2, 2+1, and 
Show that any positive integer 
n can be so expressed in 2"" ] ways, 

5545 

Show that any peifect square which 
lias two or more digits (in the scale of 
10) contains at least two distinct digits. 
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T\ URING the period 1963-67, the 
^ University Grants Commission in 
collaboration with the National Coun¬ 
cil of Educational Research and Train¬ 
ing and United States Agency for 


Summer Science Institutes 

(1963-67) 


International Development organised 
at vaiions Diversities 172 summer 
institutes in science and mathematics 
for teachers from high/higher second¬ 
ary schools/PUC/inlermcdiatc colleges 
attended by 6680 teachers in mathe¬ 
matics, physics, chemistry and biology, 
The number of institutes held during 
this period and the enrolment at the 
institutes arc given below; 





No. of pai tlcipants 


_.. —- Tnlnl A/n r\f 






- 1UIUI JY U. UJ 

Year 

Mathematics 

Physics 

Chemistry 

Biology 

Institutes 

1963 

34(1)* 

43(1) 

38(1) 

39(1) 

4 

1964 

169(4) 

170(4) 

148(4) 

153(4) 

16 

1965 

616(16) 

488(13) 

464(13) 

261(7) 

49 

1966 

490(12) 

468(12) 

410(11) 

308(8) 

43 

1967 

747(15) 

572(16) 

580(16) 

482(13) 

60 

Total 

2,056 

1,741 

1,640 

1,243 

172 


’Figures m parentheses indicate the number ol institutes subject-wise, 
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I !/■ niinifrr T»f Ann*ii<«m ion- 

w’f.Hit with thr .u.uhirnr 

I'rojtraninif* rtf tin* institutes .ts 2 c /7. 
Frograronir fnr l f )BH 
In fh<’ Miniinrr of HK>S, it is pinposod 
to organise 5ft summer institutes as 
follow 


Biology 12 

Chemistiy 15 

Mathematics 14 

I’liv .sirs 15 

Total 56 


Location and Duration 

The location and duration of the 5ft summer institutes to be held during 1968 are 
given below ; 

LOC ATION AND IHIRA'I ION OK SUMMER INSTITUTES 


iV/. Vmvmitv 
.Vo. 

Institute 

tittles 

Regions entered 
hv the Institute 

Director 

BIOLOGY 

t ASTtRN /ONI, 

1, Ranchi University, 

3 Juitc- 

Bihai, Assam, 

Prof. K.C. Bose , Head 

Ranchi. 

13 July 

Manipur, Naga¬ 
land, Tripura 
and NFFA 

of theDeptt. of Zoology, 
Ranchi University. 

2. LJtkal University, 

13 May- 

West Bengal 

Dr. (Mrs.) G.R. Ghosh, 

(Regional College of 
Education, Bhubaneswar) 

22 June 

and Orissa 

Reader, Deptt. of Bo¬ 
tany, Regional College 
of Education, Bhubane¬ 
swar. 

NORTHERN ZONK 

3. Agra University, 

27 May- 

Haryana, Punjab 

Prof. C.P. Singh, Head 

(Agra College, Agra) 

6 July 

and Western IJ.P. 

of theDeptt. of Zoology, 
Agra College, Agra. 

4. Delhi University, 

3 June- 

Delhi and 

Prof. B R. Seshachar, 

Delhi, 

13 July 

J. and K. 

Head of the Deptt. of 
Zoology, Delhi Univer- 
sity. 

5. Gorakhpur University, 
Gorakhpur. 

ft May- 
15 June 

Eastern IJ.P. 

Prof. H.S. Chaudhary, 
Head of the Deptt, of 
Zoology, Gorakhpur, 
University 

WESTTRN ZONE 

6 Gujarat University 

6 May- 

Gujarat and 

Dr. M.S, Dubale, Head 

Ahmedabad. 

15 June 

Rajasthan 

of the Deptt. of Zoology, 
University School of Sc. 
Ahmedabad. 
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7. Marathwada University, 
Aurangabad 

8. Poona University, 

Poona. 


29 April- Madhya Pradesh 
8 June 


6 May- Maharashtra 
15 June and Goa 


Pi of. K.B Deshpande. 
Head of the Deptt. of 
Botany, Marathwada 
University. 

Di. T.S Mahabale, 
Head of the Deptt of 
Botany, Poona Univer¬ 
sity 


SOUTHERN ZONE 


9. 

Annamalai University, 

29 April- Kerala 


Annamalamagar 

8 June 

10 

Bangalore University 

29 April- Mysore 


(Central College, 
Bangaloie 

8 June 

11 

Madias University, 

29 April- Madras 


(Madras Christian 
College, Madras). 

8 June 

12 

Osmania Umvcisity, 

29 April- Andhra 


Hyderabad. 

8 June 


CHEMISTRY 

EASTERN ZONE 

13. Jadavpur University, 

29 April- 

West Bengal 

Calcutta-32 

8 June 

and Orissa 

14 Patna University, 

13 May- 

Bihar, Assam, 

Patna. 

22 June 

Nagaland, NEFA. 

15. Utkal University, 

13 May- 

Manipur and 
Tripura 

Science Methods 

(Regional College of 

22 June 

of Teachers of 

Education, 


Training College 

Bhubaneshwar) 


in Eastern Zone 

NORTHERN ZONE 

16. Banaras Hindu 

13 May- 

Eastern U.P, 

University, Varanasi. 

22 June 


17. Lucknow University, 

6 May- 

Delhi and 

Lucknow. 

15 June 

Western U.P. 


Dr. K. R. Ayyangar, 
Head of the Deptt of 
Botany, Annamalai 
University 

Dr. M. Nagaraj, Deptt. 
of Botany Central 
College, Bangaloie 
Di. P.J Sanjeeva Raj, 
Deptt. of Zoology, 
Madras Christian Col¬ 
lege Madias. 

Prof, M R. Suxena, 
Head of the Deptt. of 
Botany, Osmania Uni¬ 
versity 


Di. A Chakiaborty, 
Deptt. of Chemistry, 
Jadavpur University, 
Prof. J.N Chatterjea, 
Head of the Deptt. of 
Chemistry, Patna Uni¬ 
versity. 

Dr. A.N Bose, Head 
of the Deptt. of Che¬ 
mistry, Regional Col¬ 
lege of Education, 
Bhubaneswar, 


Dr. B.M. Shukla, of 
Reader, Deptt. of Che¬ 
mistry, Banaras Hindu 
University 

Prof A.B Sen, Head of 
the Deptt. of Chemistry 
Lucknow University. 



I $H s< 

III*. <1 MIlS 

- l V ’'-I lMfiS 



h Mr.. 

I’liaub Hal Sana. 

Pmt BR Puri, Deptt, 


1 s J nm* 

Hun,anal Pradesh 
and J and K 

of Chemistry, Punjab 

J llivcisily. 

•Ai'-JM*’. /«i\l 

P* t niru.it 1 

0 N1.4 V “ 

(fiuai.it. 

Ptol. A.M. Tiivcdi, 

Vimed,d\id 

1 * June 

Maiur.e.iitia 
ami (tiu 

Deptt. of Chemistry 
School of Sciences, 

A limed.i had. 

Jo 1 imciMU. 

2’t Apnl- 

Raiasthan 

Pi of. KC Mehrotra 

Jaipur 

S June 


Head of the Deptt of 
t homistiy. Rajasthan 
Uinveisilv 

2! Yikr.im l imciMty. 

13 May- 

Madina 

Prof. W V Bhagwat, 

t U.tm 

22 June 

Pradesh 

School of Studies in 
Chemistiy, U||ain 

22 Revi'Ui.d c nllege <tl 

W Mas- 

lot 1 c,idlers 

Di. P D Bhatnagar, 

Education. \|mci 

22 June 

limn 1 i.nning 
(‘olleges in the 
/one 

Readei, Deptt of 
Chemistiy, Regional 
College of Education 

A tinei 

sm mi us /(isi 

23. Andhra Umvcisity, 

20 May- 

Andhra 

Prof. M. N. Sastri, 

WalUiir. 

26 June 

Madras and 

Deptt. of Chemistry, 
Andhra University. 

24. Amuumliii University, 

26 April- 

Dr. K. Ganpathy, 

Anniunuliinragar. 

8 June 

South Kerala 

Reader, Department of 
Chemistiy, Annamalai 
University. 

25. Hang ilmc IJniveisity 

26 Aprd- 

Mysore and 

Prof. M. Shadakshar- 

{Central College, 
Bangalore.) 

8 June 

North Kerala 

swainy, Principal Cen¬ 
tral College Bangalore 

26 Osinunia University, 

13 May- 

Sequential 

Prof. V.R. Snnivasan, 

Hyderabad. 

22 June 

Deptt. of Chemistry, 
University College of 
Science, Hyderabad. 

27. Mysoio University, 

26 April- 

Teaeheis from 

Shii S.R. Rno, Reader, 

of Education, 

8 June 

Training Colleges 

Deptt. or Chemistry, 

Mysore. 

(Regional College) 

MATHEMATICS 


in the Zone 

Regional College of 
Education, Mysoie. 

liASItRN /.ONI. 

28. Calcutta University, 

13 May- 

West Bengal, 

Prof. S.K. Chakravarti, 

Calcutta. 

22 June 

Assam, Nagaland, 
NEFA, Manipur, 
and Tripura 

Head of the Deptt. of 
Mathematics, Calcutta 
University. 
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29. Jadavpui Umveisity, 

Calcutta-32 


29 Apnl Bihar and 
8 June Orissa 


Dr. D.K. Sinha, Reader 
Deptt. of Mathematics, 
Jadavpur University. 


NORTHERN ZONI 


30. 

Allahabad University, 

13 May- Eastern U.P. 


Allahabad 

22 June 

31. 

Delhi Univeisily, 

20 May- Delhi 


(Ramjas College, 

Delhi) 

29 June 

32 

Kanpur University, 

13 May- Western U.P. 


Kanpur. 

22 June 

33. 

Kuiuksetra University, 

13 May- Haryana, Punjab 


Kurukshetia 

22 June Himachal Pradesh 
and J. and K. 

WliSTLRN ZONI' 


34 

Maialhwada University, 

29 April- Maharashtra 


Aurangabad. 

8 June 

35. 

Nagpur University, 

29 April- Madhya Pradesh 


Nagpur 

8 June 

36. 

Poona University, 

22 April- Teachers from 


Poona. 

1 June Poona Schools 
and Goa 

37. 

Sardar Patel University, 

6 May- Gujarat 


Vallabh Vidyanagar 

15 June 

38. 

Rajasthan University, 

20 May- Rajasthan 


Jaipur 

29 June 

SOUTHERN ZONE 


39 

Bangalore University, 

29 April- Mysoic and 


(Central College, 
Bangalore.) 

8 June Kerala 

40. 

Madras Institute of 

22 April- Madras 


Technology, Madras 

1 June 


Prof. R, S. Mishra, 
Deptt. of Mathematics, 
Allahabad University 

Principal PD. Gupta, 
Ramjas College, Delhi. 

Prof. S P. Nigam, Head 
of the Deptt. of Mathe¬ 
matics, D.A.V. College, 
Kanpur. 

Dr. C. Mohan, Reader 
Deplt of Mathematics, 
Kurukshetra University 


Principal, A N. Chi- 
khalikar, Devagiri Col¬ 
lege, Aurangabad. 

Dr. B.S. Fadnis, Head 
of the Deptt. of Mathe¬ 
matics, Nagpur Univer¬ 
sity. 

Prof. V S Huzurbazar, 
Head of the Deptt. of 
Mathematics and Statis¬ 
tics, Poona University 

Dr. B S Yadav, Deptt. 
of Maths Sardar Patel 
University. 

Prof. G. C Patni, H.D. 
of Maths, Rajasthan 
University. 


Prof. F. J. Noronha, 
Head of the Deptt of 
Mathematics, Central 
College, Bangalore. 

Prof Surya Prakash, 
Deptt of Mathematics, 
Madras Institute of 
Technology, Madras. 





■t n*»r>i m ii m j u m I‘JfIS 


4J, CKm.mi i t imrr ilv. h Maj- Andhra Piudesh Dr. Af/a] Ahmad 

Hvd,~r.P\*d l''lime Reader, Department of 

Mathematics, Osmania 
University 

PHYSIC'S 

t VMIRN /MM 

42, CiuuhuU t tmeiMly. 13 May- Av.,un, Tripura. Pioi. II Goswami, 

Ciatiluti, 22 .him- Nil A. Napa land Depth of Physics, 

and Mamput Cotton College Gauhati 

43 Jadavpui UtmerMty. 29 Aptil- Hiliar, Onssa Dr B, Bhattacharya, 

Cakutla-32 SJunc and West Bengal Reader, Depth of 

Physics, Jadavpur Uni¬ 
versity. 


MmrnutN /r ini 


44. Agra University, 

Agra. 

13 May- 
22 June 

Western U.P 

Prof D.R. Khandelwal, 
Head of (he Department 
of Physic*., Agra Col¬ 
lege, Agra. 

45. Punpab University, 

29 Muy- 

Punjab, J and K 

I)i. B C. Pandey, Depth 

Chandigarh, 

6 July 

Himachal Pradesh 
Haryana and Delhi 

of Physics, Punjab Uni¬ 
versity, 

46. Banaras Hindu 
University, 

Varanast. 

13 May- 
22 June 

Pastern U P, 

Dr. G.K. Das, Dcptt. 
of Physics, Banaras 
Hindu University, 

Wt.Sn-.RN /t)M, 

47. Gujarat University, 
Ahmedabad. 

6 May- 
15 June 

Rajasthan 

Prof. P.D. Patliak, Head 
of the Dcptt. of Physics, 
University School of Sc. 
Ahmedabad 

48. Sardar Patel University, 
Vallabh Vidyanagai. 

I May- 

II June 

Gujarat 

Prof. A.R. Patel, Head 
of the Department of 
Physics, Sardar Patel 
University. 

49. Shivaji University, 

13 May- 

Maharashtra 

Prof. V.S. Patankar, 

Kolhapur. 

22 June 

and Goa 

Head of the Depart¬ 
ment of Physics, Shivaji 
University. 

50. Saugar University, 

Sugar. 

6 May- 
15 June 

Madhya Pradesh 

Dr. J. D. Ranade, 
Reader, Depth of 
Physics, Saugar Uni¬ 
versity 

51. Udaipur University, 
Udaipur, 

13 May- 
22 June 

Sequential 

Prof. J. Verma, Head 
of the Deptt. of Physics, 
M.B. College, Udaipur. 
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SOUTHERN ZONE 

52. Andhra University, 
Waltair. 

53. Annamalai University, 
Annatnajainagar. 


54 Bangalore University, 
(Central College, 
Bangalore) 

55. Kerala University, 
Alwaye-4 


56. Mysore University, 
(Regional College, of 
Education, Mysore) 


13 May- Andhra 
22 June 

22 April- Madras 
31 May 


6 May- Mysore 
15 June 


22 April- Kerala 
1 June 


1 May- Teachers from 
11 June Tiainmg Colleges 
in the Zone 


Prof. T. Thirvenganna 
Rao, Deptt. of Physics, 
Andhra University, 
Prof. S. Snraman, Head 
of the Department of 
Physics, Annamalai, 
University. 

Dr. K N. Kuchela, 
Head of the Deptt. of 
Physics, Central College 
Bangalore. 

Prof. K. Venkateswarlu, 
Head of the Deptt of 
Physics, Kerala Uni¬ 
versity Centre, Alwaye-4. 
Dr G S Srikantia, 
Head of the Depart¬ 
ment of Physics, Re¬ 
gional College of Edu¬ 
cation, Mysore. 

(See also tahh on next page.) 
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SCIENCE AND 
MATHEMATICS TEACHING 
PROJECT 

Part tlnee of the trial edition of the 
text materials for Class VIII in biology, 
chemistry, physics and mathematics 
were completed. These manuscripts 
have been sent to the press for printing 
and it is proposed to publish at least the 
first pait of each subject in time for use 
at the summer course by the participat¬ 
ing teachers to be held at the Depart¬ 
ment in the middle of June, 1968. The 
corresponding teachers’ guide material 
has also been piepared and these will be 
cyclostyled and used at the Summer 
Course, 

The Summer Course lasting for 16 
days will be held for the science teach¬ 


ers of the 31 expeiimentai schools from 
the middle of June, 1968. At this Sum- 
inn - Course, the participants will be ex¬ 
posed to methodology lectures, the con¬ 
tent mattei of the* text material and the 
Ubmatoiy woik and demonstration ex¬ 
periments. This will he clone with the 
help of uni sen experts and will be con¬ 
ducted by the stair of Science Depart¬ 
ment. With the training of these teach¬ 
ers for the 8th class course, the training 
foi the middle school will be completed. 
The Department is at the same time 
preparing the syllabus and curriculum 
foi the next stage of the school educa¬ 
tion namely class IX, X and XI. 

A number of States have begun to 
show interest m extending this project 
in their Stales and placing a few schools 
on an experimental basis under this 
scheme. In order to acquaint officers of 
the Department of Education in these 
Stales, a seminar was conducted for a 
week from Match 25 to March 30, 1968. 
State Institutes of Education or the 
State Institute of Science Education of 
the following slates sent their represen¬ 
tatives; 

Madias, Gujarat, Rajasthan, Kerala, 

Andhra Pradesh and Maharashtra. 

At this seminar the programme of the 
project was discussed in detail by these 
participants with the officers of the De¬ 
partment and UNESCO experts, Various 
points for clarification were raised and 
discussed. The participants were also 
supplied with a lot of litciature and 
other matenals necessary to them to 
prepare their own variation of the 
curriculum. 

Following this seminar, the states of 
Andhra Pradesh and Gujarat have decid¬ 
ed to start the teaching of science as 
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r» t 

m ili'.f jphni x in .1 fi w nf ihm 

mI t*•••!-. l)i< Andhra Ft-ubMi idma- 
ti*»u.»l Drpaitinint h«'lij two him Pngs of 
working groups m car h xuhjnt consist 
ing i>l sihool te.nhtrx and etiiricnltun 
experts to phtti nut fhr M-hi nii' of tin* 
pro}*'* t m their suit*, 'Ihey invited 
silli]* 1 1 spi'i i.illsts from the Sc inn e 
Department of tin* XtlKRT and some 
t st st»> experts, who helped them to 
adapt the uirrieiihun which was drafted 
to suit tlie eduiation.il structure of the 
middle school m Hyderaliad. wheie 
then* ;ue only two classes namely 
classes VI and VII ol the middle school. 
The curriculum was modified to include 
all important concepts within the period 
of two academic years. 

Union Territory of Delhi 
The Directorate of Education in Delhi 
has decided to introduce, the teaching 
of .science as separate .subjects in all the 
schools of Delhi from the year 1968-69. 
'Ilu* science centre at the Directorate 
organised a few seminars for biology 
and physics teachers in order to train 
them to handle class VI materials pre¬ 
pared by this Department under the 
project of science leaching. Officers of 
the Department closely cooperated and 
acted as rcsouice persons at these semi¬ 
nars, and gave guidance to the teaehej 
trainees. 

The Gujarat State has also planned to 
start a few schools under this project 
and ust* the materials prepared by the 
Science Department. The Officers of 
the State were helped in adopting the 
materials to suit their schools. 

Other States like Kerala and Madhya 
Pradesh are also showing interest in this 
project. 


As .ilri ady stated, the Central Schools 
On'nii'..ili**n arc continuing to use the 
t«\thoohs and inaleiuls prepared by 
tins Dip,fitment under the project in 
about Idl) schools mil by them, 

biology Study Groups 

Text manuals and teachers guides for 
classes V. VI and VII were finalized and 
made picsswnrthy along with the illus- 
tuitions. These materials have now 
been .sent to the pi css for printing as 
trial editions. These editions will be 
tried out during the next academic year 
in each legion ol tlu* study group, 
Among the 1!) Supplementary Headers 
planned fm use by the students, the 
C'nnseiiei ol the Study Groups has al¬ 
ready leeeix ed manuscripts for two 
hooks and these are being reviewed in 
order to get them printed. 

The Directors of the various groups 
met at Delhi in April and finalized the 
dtafl syllabus and chapter headings for 
the text materials for the next stage of 
the school namely classes VIII, IX and 
X. The must recent concepts and under¬ 
standing iu biology are included in the 
cmriculum and the details will be 
In ought to a level where the pupils 
would acquire enough depth of know¬ 
ledge so that they can enter college 
education with greater understanding 
and depth of knowledge, 

A writing session at Kodaikanal for a 
month was held during May to write 
out the first draft of a few chapters on 
tlu* syllabus for these classes. 

Chemistry Study Groups 

The Study Groups under this subject 
held a writing session in Hyderabad in 
March, 1968, when the final drafts for 



NKWS AND NO IBS 


the text anti laboratory inamial ami 
teachers guide were edited. Pint of the 
materials has now been sent to the pi ess 
and it is expected that the books will 
come out in the course of the next three 
months. 

Physics Study Groups 

The Study Groups of this subject have 
finalized the materials for the first year 
of the middle stage. Work is consider¬ 
ably processing on the other two 
gioups and the manuscripts are being 
processed for printing. 

Mathematics Study Groups 

Curriculum guides foi classes V and 
VI in geometiy and for classes V, VI 
and VII in algebia have been prepared. 
The manuscript of the text books for 
these classes have also been prepaied. 
They are in the final draft stage, After 
a few revision touches they will he 
ready for the press. Preliminary dis¬ 
cussion for the framing of the syllabus 
for classes VIII, IX and X were held 
during the three months 

Regarding the primary classes, the 
guide for Class I is ready and that for 
Class II has almost been completed. 

This is a scheme where the Govern- 

* 

ment of India with the assistance of the 
unicef will make arrangements to pro¬ 
vide a set of equipment to all key insti¬ 
tutes and selected schools. The list of 
equipment was drawn up by the Depart¬ 
ment The Department has also pre¬ 
pared, under this project, new curricu¬ 
lum for primary school in science which 
would be tried out in some selected 
schools. The Department has already 
prepared the syllabus for.classes I to V. 
Based on this syllabus, it has also deve¬ 
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loped tluee volumes of a handbook of 
science for primary school teacheis. 

A .seminar of primary science educa¬ 
tion was held at the Department of 
Science Education fiom March 18 to 
M.ueh 23, 1968. The following Stataes 
sent repi esentatives: 

Cujiual, Himachal Pradesh, Rajasthan, 

Keiala, Orissa, Goa and Madras 

The first volume on ‘General Science 
for Pi unary schools—A Teachers Hand¬ 
book of Activities’ was published and 
the second and third volumes are ex¬ 
pected to lie out of the press very soon. 

A demonstration sot of equipment 
consisting of about 600 items was held 
at the Instructional Material Centre of 
this Department during the seminar re¬ 
ported above. Textbooks for the classes 
III, IV and V aie being prepared in flie 
Department. The syllabus is mainly 
activity based and the book of activities 
suggests a number of student activities 
with a lot of suggestions for die teach¬ 
ers as to how to oiganize these 
activities. 

The science aptitude test was held on 
the 7th January, 1968, and about 7700 
students look the lest in about 326 cen¬ 
tres distributed all over India. The 
scripts were evaluated and die results 
tabulated. About 1000 candidates were 
called for interview at five centres 
namely Delhi, Calcutta, Bombay, 
Bangalore and Chandigarh under the 
Chairmanships of Dr. D, S. Kothari, 
Prof. A. K, Saha, Prof. V. T. Cliiplonkar, 
Dr. P. L. Bhalnagar and Dr, P. N. 
Mein a. 

Fifteen summer schools each of 30 
days duration for the under-graduate 
awardees were held at various centres 
during May-June, 1968. The awardees 
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1 Lv. 1 \ s l*y T'niint Si » nhsls, 1‘lrifs 
English 

A Fsv.tw t*v Ymiuij* Si e nlists. l'thh 
Ilmdi 

*1 In- Instrni liaii.tl NJ.itiii.il (lenln* nf 
till’ I)t (Mlllllt tit displayed testhnnks 
.‘till urlules nf iqmpmtut tit \ eloped 
midi r tin* 'I’jii|i(t nf Tc.u hint', of 
Si Ptlt f .nil] M.ltltr HUltli \ ,lt St-hi tills' 
.inti at the Tmjut 1<*i Strengthening *»! 
Sehnul Teaching at .ill Levels' .it the 
time tif the semuuns <»f st.tte represi nta- 
fives reported e.irher, 


I he ti.lines hi! the filmstrips* pie- 
jt.ii* d mull i three titles nt the Depart- 
nit lit * d Audio Visual Education were 
ev.imnu d L\ snhjjet spin mlists in this 
I)i jt.irlim nt Suggestions wen* made 
foi linali/mg thrt e titles, namely (i) 
\iiiiim 1 s without Backbones; (ii) Pol- 
l u.itinii, and (ini Ends. 

The puiehast* of equipment and 
elieuiii als 1m the diHerent laboratories 
was continued 

The liist Header nuclei the scheme 
ii.iini l\ "Hie Vim else - by Ihof P.L. 
Bhatuagar lias been published. The 
punting i t the oilier two titles munch 
'Wfupniis Old and New' and ‘Life and 
Wink ot Meghnad Saha' lias also been 
cinple'.ed The ni.uniseript of “Animals 
without Backbones' was leccivcd and 
rc\ lewed. 


! ENGINEERING DRAWING « 

X A Textbook for Technical Schools 


K. S. Rangaswami 
G, L. Sinha and 
0, N. Sarbadhikari 

Crown quarto pp 151, 1867 Ra. 

Intended for beginners In the age-group 13-17 years, who are studying 
engineering as an optional subject in multipurpose higher secondary 
schools or for students in technical schools. Aims at (1) presenting an 
over-all view of the major areas of engineering drawing practice without 
entering Into specialized details and (2) training students to develop a 
moderate skill In making engineering drawing. 

Available from: 

Business Manager, Publication Unit 
National Council of Educational Research and Training 
71/1 Najafgarh Road, New Delhi 15 







NATIONAL SCIENCE TALENT SEARCH EXAMINATION, 1968 

RESULT 


List of the candidates who lw\e been selected lor the award ol schnl.ii ship and ceitilicalc of merit under 
the National Science rnlcnt Search 1 summation, t%8, Ihcir names have been an ringed in order of 
merit. 
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girl candidates 

RANK NO 

ROU NO, 

NAMI 01 Mil 1 AND1DA11 

MARKS STATF 




tmrAiNm 

1 

32086 

Sh. Vodakkedulhu 'I homas Rnjan 

195 

Bihai 

1 

6011 

Sh. Jayanlu Naiayun Choiulhuri 

195 

Assam 

3 

10747 

Sir, Ramesh Narayan 

192 

Madras 

4 

2096 

Km Vijaylakshnn Slietty 

191 

WB 

5 

32752 

Km Kalyani 0. Menon 

190 

U.P. 

6 

2007 

Sh Ron (a la Chandrashekhai 

182 

W.B 

7 

81! 

Km. Neelam Vcrnu 

! 81 

Delhi 

8 

4815 

Sh. Gadgil Asliok Jagannath 

177 

MaharaslUia 

9 

1178 

Sh Amitabh Jain 

176 

Delhi 

10 

498 

Sir. Y R. Muralidharan 

174 

Delhi 

11 

32688 

Sh Dipankar Pramamk 

173 

Maharashtia 

11 

32916 

Sh. Rustom Adi Kanga 

173 

Maharashtia 

13 

501 

Sh. K.R. Subramaman 

172 

Delhi 

14 

22110 

Sh, S.A. Prasad 

171 

Mysore 

15 

23037 

Sh. R. Srinivasan 

170 

Mysore 

16 

50201 

Sh. Surjya Kumar Bhallacharjya 

169 

Vv'.B 

17 

10779 

Sh.C Jayaprakash 

168 

Madras 

18 

499 

Sh. K.S. Sridhar 

167 

Delhi 

18 

21649 

Sh. Sudhin Dutta 

167 

WB 

20 

28033 

Sh Sakate Deepak , 

166 

Bihai 

21 

30191 

Sh Clietan Prakash 

165 

Rajasthan 

22 

198 

Sh Vijay Luthra 

163 

Delhi 

22 

4801 

Sh Srinivasan Sekar 

163 

Maharashtra 

22 

10802 

Sh. Vrlayanur Subramaman Ramachandran 

163 

Madras 

25 

24552 

Sh, Varun Bharthuar 

162 

Bihar 

25 

34216 

Sh Chandan Sen 

162 

W.B. 
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1 

4 

5 

21 

1"M'4 

Sh. Ililip Kumar Mtchr.i 

161 

Bihar 

28 

w? 

Km. \,Mi0.ina Miim 

160 

U.P, 

2* 

iRm 

Ms Njibrfh kmiur Milt.i 

160 

M.P 

jn 

14431 

Mi. RjimiVnO-man VcnV.iium.iu R,im.ikTishn.ui 

160 

Gujarat 

31 

50058 

Kin. Suj.ita MuVhnjcc 

159 

W.B 

11 * 

170 

Km Riuraihi Kammcm 

159 

Delhi 

11 

1 W1 

Mi AmiUl'li 

159 

Delhi 

11 

12571 

Km li Riijc , >v..iti 

159 

Mysore 

15 

2004 

,Sh. i’r.ihh.r. l’r.nmimk 

158 

W.B. 

11 

*89 

Km. Uhm C liatli'i'.nlh>a>a 

158 

Delhi 

15 

m 

Km. t‘.S, VuKik 

158 

Delhi 

35 

1053 

Mi R.ijii Malhoifii 

158 

Delhi 

35 

.30149 

Km Safuj Bala Kukrcj.t 

158 

Delhi 

35 

7731 

Mi. U.V Mathew, 

158 

Kerala 

35 

27838 

Sh. V.S. Dvv.irk.inath 

158 

A.P 

•12 

769 

Km. Rajesb (imiiam 

157 

Delhi 

42 

43454 

Sh Sanja> Gupta 

157 

U.P. 

44 

6300 

Sh, Anurcih Mabapua 

156 

Maharashtra 

44 

7190 

,Sh. C Srcekumar 

156 

Kerala 

46 

781 

Km. Ruchir.1 Mora 

155 

Delhi 

46 

502 

Sb, C*.S Similar 

155 

Delhi 

46 

32745 

Mi. Dim Shaukur Mnthur 

155 

U.P 

46 

30189 

Mi. Ram Ran 

155 

Rajasthan 

50 

2093 

Sh, Parlh.icarathi Mura 

154 

W.B. 

SO 

815 

Km. Kudha Scbg.il 

154 

Delhi 

50 

1181 

Sb. Ravirulra Mian 

154 

Delhi 

50 

17901 

Km. Rielia Puri 

154 

UP. 

50 

4735) 

Km. Rita Gowsmi 

154 

Assam 

SO 

3639 

Sh. Paul Suilbir 

154 

Maharashtra 

50 

23043 

Sb. P. Rainana Kumar 

154 

Mysore 

57 

50789 

Sh. Ram C'lmkraboriv 

153 

W.B. 

57 

38850 

Sb. Pradccp Kumar Mukherjcc 

153 

U.P. 

57 

32919 

Sb. Parukh Jal Dcbuo 

153 

Maharashtra 

57 

8089 

Sh. P, Ualagopul Kurup 

153 

Kerala 

57 

23030 

Sh Masmnl Ahmed SharilT 

153 

Mysore 

62 

393 

Km. Janaki Srinivusan 

152 

Delhi 

62 

1039 

Sh. Arvind Kumar Gupui 

152 

Delhi 

62 

1093 

Sh, Sushi) Vac-ham 

152 

Delhi 

62 

36033 

Sh. Ajay Rastooi 

152 

U.P. 

62 

56532 

Sh. llarbir Smgli Siilhu 

152 

U.P. 

62 

3168 

Sh. Shreckant Prabhakar Pamle 

152 

Maharashtra 

62 

4049 

Km. Jayshrec Shrinivai Ycolckar 

152 

Maharashtra 

69 

2098 

Sb. Prabir Kumar Datlu 

151 

WB. 

69 

772 

Km, Slice! Bhala 

151 

Delhi 

69 

1055 

Sh. AjH Kumar Sctli 

151 

Delhi 

69 

31067 

Km. Nina Kapur 

151 

U.P. 

69 

39215 

Sh, Anil Kumar Agarwal 

151 

U P. 

74 

50788 

Sh. Chinmoy Bose 

150 

W.B. 

74 

2029 

Km. Adclcnc Jana 

150 

W.B 

74 

5005J 

Km. Unin Bhaliacharya 

150 

W.B. 

74 

51289 

Sh. Ripudamnn Malholrn 

150 

W.B, 

74 

2806 

Sh, Ranjit Kundu 

150 

W.B, 

74 

799 

Km. ArvimJer Kaur 

150 

Delhi 

74 

57559 

Km. Malini Vijayraghnvan 

150 

Delhi 

74 

8125 

Sh. Rajasckhurati M.V. 

150 

Kerala 

74 

8151 

Sh, T.C. Sundaresan 

150 

Kerala 

74 

26341 

Km, S, Radha 

150 

A.P. 

84 

2526 

Sh. Saurcndra Nath Konar 

149 

W.B. 

84 

790 

Km. Vibha Gujral 

149 

Delhi 

84 

379 

Sh. Vembar Raghu Ram 

149 

Delhi 

84 

383 

Sh. Komandur Krishnaswamy Sridhar 

149 

Delhi 

84 

30881 

Km. Rama Agarwal 

149 

Rajasthan 

84 

32979 

Sh. Ravi V.J. Chari 

149 

U.P. 
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84 

32836 

Sh. Nilahh Shasiri 

149 

U.P 

84 

10781 

Sh. Krishn.m Ganapathy 

149 

Madras 

92 

2100 

Sh. Dchasish Sihi 

148 

W.B 

92 

37610 

Sh, Abhijit Banerjce 

148 

Bihar 

92 

1472 

Sh. Arun Kumar Chandrasekhar 

148 

U P, 

92 

32778 

Km. Perween Kausar 

148 

Orissa 

92 

32798 

Km Lhha Susan George 

148 

Maharashtra 

92 

23231 

Sh. Manchanahalli Vcnktaiamiah Dhujanga 

148 

Mysore 

98 

17698 

Km. Gecta Kapoor 

147 

Rajasthan 

98 

21650 

Sh. Rajat Roy 

147 

W.B, 

98 

356 

Sh. Rnkeslnvar Daya! Malhur 

147 

Delhi 

98 

30983 

Km Rama Padmanahhan 

147 

Delhi 

98 

409 

Sh. V Scshadii 

147 

Delhi 

98 

37607 

Sh. Deb Kumar Roy 

147 

Bihar 

98 

32976 

Sh. V. Sriniv.isan 

147 

U.P. 

98 

15197 

Sh. Keshav Dayal 

147 

M.P 

98 

52390 

Sh T. Rajasekharan 

147 

Kerala 

107 

2011 

Sh. Naravan Sbenoy 

146 

W.B. 

107 

386 

Km T.R Malathi 

146 

Delhi 

107 

505 

Sh, S. Ycgyainman 

146 

Delhi 

107 

32971 

Sh. Ashok Haijnl 

146 

U.P. 

107 

54822 

Sh. Alok Peril 

146 

U.P. 

107 

29842 

Sh. Krishna Murari Aeharya 

146 

M P. 

107 

4954 

Sli Valanju Prashant Madluisudan 

146 

Maharashtra 

107 

36618 

Sh, Raghuram 

146 

Gujarat 

107 

23050 

Sh. Rishyur Sivaswami Nanda 

146 

Mysore 

107 

31050 

Km. Promila Puri 

146 

Mysore 

117 

2006 

Sh. Saibal Kumar Saha 

145 

W.B. 

117 

2095 

Sh. Jayanta Ilhattacharjee 

145 

W.B. 

117 

50175 

Sh. Prodecp Ghosh 

145 

W.B. 

117 

742 

Km. Madhu Bala Ghildial 

145 

Delhi 

117 

32912 

Sh. Partha Rakshit 

145 

Maharashtra 

117 

9394 

Km. Sarah John 

145 

Kerala 

.117 

22914 

Sh Lawrence Packtam 

145 

Mysore 

124 

773 

Km. Rita Chaudliuti 

144 

Delhi 

124 

45425 

Km. Shantnder Kaut 

144 

Delhi 

124 

32895 

Sh. Jayanta Banerjce 

144 

Bihar 

127 

2055 

Sh. Saibal Kumar Sarkar 

143 

W B 

127 

34224 

Sh. Dipankar Dutl 

143 

W.B 

127 

36002 

Sh. Sushil Khanna 

143 

U.P. 

127 

3972 

Sh. Joshi Girdhar Madhukar 

143 

Maharashtra 

127 

22996 

Sh. Jacob Richard Fernandes 

143 

Mysore 

132 

34296 

Sh, Abhijit Mitra 

142 

W.B. 

132 

1996 

Sh. Partha Basu 

142 

Delhi 

132 

775 

Km. Dtvya Rashmt Sharma 

142 

Delhi 

132 

43801 

Km Gurpreet Kaur Mangat 

142 

Punjab 

136 

1478 

Sh. Prashant Gupta 

141 

W.B. 

136 

56580 

Sh, Rakcsh Kumar Popli 

141 

Delhi 

136 

259 

Sh. Vinod Kumar Sapra 

141 

Delhi 

136 

1140 

Sh, Shubhendu Roy 

141 

Delhi 

136 

169 

Sh, Jai Narain Gupla 

141 

Delhi 

136 

23824 

Sh. H. Vcnkataramana Kedlaya 

141 

Mysore 

136 

55035 

Km. Ranjana Narula 

141 

U.P. 

136 

32738 

Sh. Arun Selh 

141 

U.P. 

136 

1467 

Km, Ralna Banerjce 

141 

U.P 

136 

32687 

Sh, Vidyasagar Puthran 

141 

Maharashtra 

136 

7151 

Sh. Sasi Kumar Nair R. 

141 

Kerala 

136 

6824 

Sh. Deodhar Shripad Shankar 

141 

Maharashtra 

148 

32775 

Km. Mrinmoyee Chatterjee 

140 

W B 

148 

608 

Sh. Ashok Gupta 

140 

Delhi 

14 8 

816 

Km. Seema Sen Gupta 

140 

Delhi 

148 

389 

Sh. S. Jagdish 

140 

Delhi 

148 

1067 

Sh. Omesh Chandra 

140 

Delhi 
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}M 1 


1 

' 


4 

5 

14s 

|1*MI 

Sh \ ivek 1 other 

140 

Delhi 

I 1*. 

4M1! 

Sli Siinjces Saint,t 

140 

Delhi 

1 I-. 

1MIRI 

Sit Rajcsh Narang 

140 

U.P 

i li 

M? m 

Km. Susluna ( humlhry 

140 

Punjab 

1 1' 

Ihtifil 

Sh Prakavlt RnyiJiiimihurv 

140 

Orissa 

1 iv 

MlkH 

Sh, J.ivii (inkkcii, \ 

140 

Kerala 

It* 


Km Kailiv.ivint 1 mg-ium 

140 

Mysore 

II*. 

1|>M 

Sh ( Kumar 

140 

Madras 

|/<l 

4*1 

Km, tula (iii|ialakrishnaii 

119 

Delhi 

IM 

sn 

Km. Susluna Jmilal 

139 

Delhi 

(hi 

VWS4 

Sh Ravimlra kuchhar 

139 

Delhi 

1M 

41476 

•Sli J.utcshwar Swamp Sultana 

119 

U.P, 

1M 

4X1*7 

Sh Amy Rr.ihliak.tr Patwardhan 

119 

Mahataslitra 

liil 

W2(l 

Km Smlpa R, Kolliari 

1.19 

Maharashtra 

IM 

8’16 

Sh R *\ Mui hilh.li an 

139 

Kerala 

16! 

?tM) 

Sh J, Rama Sesha Vulva Sag.u 

139 

A.P 

IM 

211*12 

Sh, Parse/ 1 la bill l.upii 

119 

Mysore 

IM 

21142 

Km. 1 Kal.iv.tihi 

119 

Mysore 

i ;i 

Mil. 

Km, Rita N.ukI.i 

138 

Delhi 

i .'i 

.SIP 

Km. Recta Kollh 

138 

Delhi 

pi 

1 *K‘>.) 

Km. lalat I atinia Havan 

138 

U.P 

171 

<191 

•Sli. C.S. S.nl.isivaii 

118 

Delhi 

\n 

1111.1 

Sh. Vibhnr tmpta 

138 

Delhi 

pi 

12978 

Sli Avlmh Saii.inh.tr 

138 

U.P. 

pi 

IPS 

Mi. N.irciulra Kumai Pandcy 

118 

U.P.. 

pi 

1245/ 

Sh. N.unleih.ini Raicntlra Smith 

118 

Manipur 

pi 

S249 

Km. Shann.1 Anita Slnikrishna 

118 

Maharashtra 

171 

10887 

Km Cul I alrcja 

138 

Rajasthan 

Pi 

17540 

Km, Yasmm Jayathutha 

138 

M.P 

PI 

7171 

Sh, Leslie Hallour Salem 

138 

Kerala 

111 

8995 

Km. Cieeta Mar> R.A 

138 

Kerala 

IM 

16554 

Sh. Rajoiulrtt Ilhatia 

137 

Rajasthan 

IM 

S04 

Sh. K. I hyagarajan 

117 

Delhi 

1M 

18(1 

Sh. Stilish Kumar (loyal 

137 

Delhi 

184 

45422 

Sh. Jar Rakesh Sliarnu 

137 

Delhi 

IK4 

41547 

Sh. Ramtm Aii.mtlm Narayanan 

137 

UP. 

IM 

48649 

Sh. Rajiv Agttrwul 

137 

U.P 

1M 

15107 

Sh. Kanmm Kastun 

137 

M.P. 

IM 

11011 

Sli. Suvesli ( h.tiKhek 

137 

M.P. 

IM 

5215 

Sli. Panehamatm Ashuk 

137 

Maharashtra 

IM 

8448 

Km. Pavlina Veeravalli 

137 

Kerala 

IM 

8086 

Sli. R.S, Sugathan 

137 

Kerala 

1K4 

8577 

Sh. Alex R. Philip 

137 

Kerala 

1K4 

21260 

Km. Ramil Devi J 

137 

Mysore 

197 

2127 

Km, Shyamah Mukerjee 

136 

West Bengal 

197 

12751 

Km. Atasln Gulia 

136 

U.P. 

197 

1509 

Sh. Atisli Adhyu 

136 

West Bengal 

197 

53624 

Sh. Surcsh Kausluk 

136 

Delhi 

197 

52947 

Sli. Rakesh Kapila 

136 

M.P, 

197 

672 

Sh. Suiesli Dajaj 

136 

Delhi 

197 

16012 

Sh. Blumrtyu Venkata Ki ishnu Keasttva Ran 

no 

U.P. 

197 

995 

Sli. Rutnaik Srikrishnn 

136 

Orissa 

197 

22566 

Sh, J. Sriiam 

136 

Mysore 

197 

4929 

Sli. Josoph M. Pinto 

136 

Maharashtra 

197 

14209 

Sli. Astik Jayaprakasli Bhamisliankcr 

Sli. V.T. Chacko 

136 

Gujarat 

197 

12645 

136 

Madras 

197 

13611 

Sh. R, Madhavan 

136 

Madras 

210 

2051 

Sh. Ajil Kumar Dhar 

135 

W.B. 

210 

51411 

Sh. Sayan ChaUerjee 

135 

W.B. 

210 

100 

Sh. Sudhir Arora 

135 

Delhi 

210 

776 

Km. Gogi Nagralli 

135 

Delhi 

210 

804 

Km. Anjalt Grover 

135 

Delhi 

210 

905 

Sh. V. Niiakant 

135 

Delhi 
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5 

210 

1070 

Sin. Jyoiirnwy Bhattucli.ujee 

135 

Delhi 

210 

1186 

Mi Pankai Miir.i 

135 

Delhi 

210 

.30101 

Sit Nnnd Kishorc 

135 

Delhi 

210 

30145 

Km Rcena Ra> 

135 

Delhi 

210 

31060 

,Sh. Balwani Singh 

135 

U P. 

210 

4806 

Sin. Ahhyankar, Ahhay llannnian 

135 

Maharashtra 

210 

30187 

Sli. Rnjcmlia Ranulas Blunge 

135 

Rajasthan 

210 

3076 

Sh. Ihakoor Anil Kumar Hrahliakar 

135 

Mahaiaslitra 

210 

4066 

Sh. Vaidya llemant ti.ij.inan 

135 

Maharashtra 

210 

23180 

Km. 1 , Slmhlia Kurup 

135 

Mysore 

210 

23015 

Sh. N Seshadi i 

135 

Mysoic 

210 

7447 

Sh. Kora I|>c, P, 

135 

Kerala 

210 

7143 

Sh. R Sreckumur 

135 

Kerala 

210 

7146 

Sh. B. Ilau llaran 

135 

Kerala 

230 

2057 

Sh. Him.ulri Sekliar Ghosh 

134 

W.B. 

230 

30184 

Sh. P K. AiavimJ 

134 

Rajasthan 

230 

24058 

Sli Jaypiokas Chakraharij 

134 

W B 

230 

17906 

Km Nilam Wahni Raul 

134 

U P 

230 

20240 

Km Salimlcr Ancja 

134 

Punjab 

230 

5181 

Sh. Uday Ciluinashyam Rege 

134 

Maharashtra 

230 

490 

Sli, P. Krishnanuirthy 

134 

Delhi 

230 

30110 

Sh. Arim Kumar Agarwal 

134 

Delhi 

230 

8460 

Sli. P.K. Swaminallian 

134 

Kerala 

230 

7456 

Sh. G. Balasuhramoman 

134 

Kerala 

230 

1898 

Sli. Jatmdar Pal Singh 

134 

H.P 

230 

22946 

Sh. Chandrasckarapuiani 

Venkaicswaran Subramaniam 

134 

Mysore 

230 

23031 

Sli. Francis Placidus I)’ Mcllo 

134 

Mysoic 

230 

10912 

Sh. Doss, Kailaruiulalige Gururaia Radlia Mohan 134 

Madras 

230 

1084 

Sh Bala Kiishna 

134 

Madras 

245 

50253 

Sli. Avijit Sen 

133 

WB. 

245 

2010 

Sh. Aniitava Ghosc 

133 

W B. 

245 

2099 

Km. Tapashi Chowdhury 

133 

W.B. 

245 

50054 

Km. Mahamaya Uancijee 

133 

W.B. 

245 

50202 

Sli. Asliok Kumar CIuukIIhiii 

133 

W.B. 

245 

32977 

Sh. Shekhar Agarwal 

133 

U.P. 

245 

43572 

Sh. Pravin Kumar 

133 

U.P. 

245 

32841 

Sh. Vi jay Kumar Pun 

133 

U.P. 

245 

48753 

Sli. Shashi Kant Sliarma 

133 

U.P. 

245 

42078 

Sli Narayan Prasad Vcrmu 

133 

U P. 

245 

6832 

Sli. Patwardhan Dilip Gopal 

133 

Maharashtra 

245 

743 

Km. Ravindcr Kaur 

133 

Delhi 

245 

1049 

Sli. Dev Kumar Chakravariy 

133 

Delhi 

245 

1(82 

Sli Aditya Kumar Gupta 

133 

Delhi 

245 

52960 

Sh. Srmivas Rajagopal 

133 

Mysore 

245 

8950 

Km. G Sathi Devi 

133 

Kerala 

245 

30010 

Km. Gayatri Krishnanad 

133 

Kerala 

245 

22898 

Sh, V. Ramesh Vcnugopa! 
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by 

B. B. Mukherjeo 
and 

S. C. Das 
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An introductory book for students in the higher classes of Indian 
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Letters to the Editor 


TN the March, 196S issue; of School 
1 Science, I mid with pleasure an 
attempt at improvement of the PSSC 
experiment on the experimental demon¬ 
stration of conservation of momentum 
during collision of two balls. I was all 
the more pleased to find a scientist of 
the calibre of Piof. B. D. Nagchaudliuri 
being associated with this work. 

I wish to suggest a few “obvious im¬ 
provements” in the experiment publish¬ 
ed in that issue of School Science. It is 
possible that the points mentioned be¬ 
low by me are already incorporated in 
the equipment designed and the experi¬ 
ment performed by the authors But it 
would have been better if these liad 
been incorporated in the published 
article as well. Whereas the authors 


claim to hast 1 performed the cxepriment 
with an error of 5 per cent. I have 
done the same experiment by the 
ILSSCi-kit within an error of 1 per 
rent, 



t. It appears from the photogiaph of 
the apparatus published by the authors 
(reproduced here) that the inclined sur¬ 
face used to give the initial velocrty to 
the striking hall is a plane. Thus the 
initial velocity of this hall at the time oi 
collision appears to he not in a horizon¬ 
tal plane, whereas the collision is sup¬ 
posed to take place in a horizontal plane. 
Tims it would be belter if this surface 
were curved so that its lower end be¬ 
came horizon lab as is tlic case when 
using the plastic scale as the inclined 
surface while doing the experiment 
with the PS.S.C.-kil, In case the in¬ 
clined surface used by the authors of 



the improved experiment had a few 
centimetres of its length, near the lower 
end curved so that the striking ball left 
it with a horizontal velocity, it would 
have been all right and this suggestion 
would then have become redundant, 

2, It appears that an attempt has 
been made to equate the vector sum 
of the velocities of the two balls after 
collision, with the arithmetic sum of 
those velocities, The published table 
to observations seems to indicate this 
as well as the discussion following it 
which says “In the above observations 
the initial velocity of the sinking ball 
before collision can be obtained by 
simply adding the two vectors and also 
from the diagonal of a parallelogram 
fonned with the two velocity vectors 
and the angle of collision," 

I think a better way of experimenta¬ 
tion would have been to let the striking 
ball start from the same height every 
time, and to see whether the vector sum 
of the velocities of the two balls after 


collision came out to be the same every 
time. If a measurement of the initial 
velocity of the striking ball is desired 
the experiment may be repeated with, 
out the second ball so that the striking 
ball flies off with the horizontal in> 
parted to it by the inclined surface, 

Yours etc,, 

Ved Ratna 


R EGARDING the Experiment 0 

under “Simple Chemistry Kit" 
published in June 1967 issue of School 
Science, the following suggestion is 
made; The use of an open-mouthed 
test tube as a reaction vessel is highly 
dangims, The use of a two-holed 
stopper with extended exhaust tube 
eliminates this hazard, 

Yours etc,, 
P. S, Y, Rao 



EDITORIAL 


A S one of the steps towards ghing our readers a more punctual School 
Science, we decided to combine the September 1968 and December 1908 
issues, Our justification for this measure is that it talas us nearer to fulfilling 
the assurance offered in our last issue that the journal would he more regular 
in future, We expect that this combined issue will give readers- the same 
satisfaction that the two separate issues would have, 

The contents of this- number range horn a most informative article (B, J. 
Heywood The Continuing Struck against Weeds) on the latest herbicides 
for combating different types of weeds to a discussion (A, A. Gershtein, 
Probing The Secrc/s of the Sokr System j of the observations of the at¬ 
mosphere of Venus from data obtained by Russian space vehicles during 
1961-65. N. K. Verrmi in Too foundation Stones of Radiation Medicine 
gives an account of the discovery and applications of X-rays and radium, 
Y, A. Naumov and B. 1), Atreya in The Nature, of Organic Compounds discuss 
the typical features of organic compounds and bring out how they are differ¬ 
ent from inorganic compounds. Secondary school students will find this article 
very useful in clarifying their ideas and concepts on this subject; the authors 
have also given biographical notes on Berzelius, Wohler and other chemists 
who have contributed notably to tlm development of organic chemistry, In 
A Physical Principle - Paradoxical hut Fundamental, Chhotan Singh dis¬ 
cusses Schrodinger’s ‘wave equation’ arid Heisenberg’s 'uncertainty principle’ 
in quantum mechanics, this discussion will be of special interest to teachers 
and the moie advanced students, 


There are two other articles which would greatly interest all readers, In 
Air to the Rescue, James I-awrie describes how the hovercraft principle can 
he applied in lifting and moving heavy loads in industry, while In Were the 
Planets Iiot from the Start, the author discusses the theory put forward by 
l'red Hoyle and N, G. Wickrumasinghe that the earth and other planets were 
made hot and have cooled down since. 


Coining to the regular features, under Classroom Experiments;, Ved Ratna 
oes some re-thinking on the experiments usually chosen to demonstrate that 
t e thermal conductivities of different substances differ, In Science Abroad 



wt‘, have an iimmnt of a new experiment in science teaching - the teaching 
of 'environmental science* — being earned on in New South Wales, Australia. 
There are also two articles on the Nuffield Foundation Science Teaching 
Project. 

In Young Folks Cumin and Snrnrc Notes' we have, a variety of useful 
information regarding te latest developments in the various’ fields m science. 
In other features there are same interesting reports about the Summer Insti¬ 
tutes’ in Science held during 1968 and the latest news regarding the Science 
and Mathematics Teaching Project. 

Apart from the regular features, we believe readers will note, with me¬ 
rest two letters to the Editor which comment on the experiment to demon¬ 
strate the conservation of momentum (School Science, March 1968) and on 
the Simple Chemistry Kit described in School Science, June. 1967. 

And, last but not least, we entry under Notes and Notes the summarized 
recommendations of the CASTAS IA Conference held in 1968 in New Delhi, 



Two Foundation 
Stones of Radiation 
Medicine 

N. K. Verma 

Institute of Nuclear 
Medicine and 
Allied Sciences 


'll X ODEIIN physics may be said to 
date from 1895 when Roentgen 
discovered X-iays. Two other major 
discoveries followed in quick succes¬ 
sion, namely the discovery of radio¬ 
activity by Becquerel in 1896 and the 
discovery of radium by Madam Curie 
in 1898. These epoch making dis¬ 
coveries not only revolutionised physics 
but have proved to be of immense 
application in the medical field, 

Madam Curie’s birth centenary was 
recently celebrated in Nov., 1967. Hus 
article gives an account of Hie discovery 
and applications of the two foundation 
stones of radiation medicine, namely 
X-iays and radium. 

The first Nobel Prize for physics was 
awarded to Wilhelm Conrad Roent¬ 
gen, Professor of Physics and Director 
of the Physical Institute of Wurzburg 


in Ilauiria, for his epoch-making dis¬ 
covery of X-rays on 8 November 1895. 
He saw the hones of his living hand 
projected on a barium cyanide screen 
when lie interposed it between the 
invisible beam of electromagnetic 
radiation, originating from the Ilittorf- 
Crookes lube, excited under the 
influence of high voltage from an 



I! 

w 

I 


WILHELM CONRAD ROENTGEN 
Winner of first Nobel Prize for Physics, 1901, 

( Courtesy' Dr, LEWIS E. ETTER and the 
Science of Ionizing Radiation) 

induction coil, and the detector plate. 
And this was the beginning of Radi¬ 
ation Medicine, 

Pie made two important communi¬ 
cations in this connection. The first 
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was on 23 January 189(5 in tin* audi¬ 
torium of the Physical Institute. The 
title of his lecture was; "A New Kind 
nf Ray (Uebri cine item* Art Von 
Strahlenj" in which he explained about 
his discovery of the penetrating rays. 
His lecture was accompanied by 
demonstrations. Ho took the X-ray 
photograph of the hand of Von Kolli- 
ker, the famous anatomist of the 
Vur/burg University and he showed 
it to the audience. In his second com¬ 
munication on 10 March 1890, he, 
explained the, various properties of this 
new kind of ray. Tin's was entitled 
“Further observations on the properties 
of X-rays". 

These two communications of far 
reaching importance were .sufficient to 
stimulate, originate and develop a 
number of new ideas and researches. 
This physical discovery, in its further 
developments, led to an integral discip¬ 
line of physics, general science, engi¬ 
neering, biology, medicine, chemistry, 
mathematics and so on; and it entered 
the field of almost any and every sub¬ 
ject. It also helped to explain many 
phenomena hitherto regarded as un¬ 
solved mysteries of nature. 

Roentgen died of cancer of the in¬ 
testine on 10 February 1923 in bis 
Munich residence. He however impreg¬ 
nated his dynamic image over his time, 
which, like engravings on stone, can be 
seen in hospitals, research laboratories, 
biological laboratories and analytical 
institutions nil over the world. 

Within a matter of months, this dis¬ 
covery caught the imagination of scien¬ 
tists all over the world. Medical and 
commercial applications of X-rays fol¬ 
lowed with great rapidity, Speaking 



A.H. W C QUI RI |. 

Il'w/wr tif A’o/.(•/ Pnzc lor I’hy.sics 1903, 

(Ci turiexy; Pro). A, dandy, Foundation Curie, 
t‘un\). 

exactly, it was after one month and 
three days only of the discovery of X- 
lay that it was brought into use in 
Belgium hospitals, Roentgen Societies 
and Committees came into existence, 
Scientists and engineers put their heads 
together for the development of X-ray 
apparatus. Film manufacturers and 
dark room technicians made themselves 
busy after X-ray applications for the 
purposes of diagnosis. Hie subject of 
X-rays formed a strong nucleus round 
which many other branches of science 
began to revolve. 

Before, this discovery, hospitals were 
acquainted with the application of elec¬ 
tromagnetic energy in the form of high 
frequency current, diathermy, etc, but it 
was for the first time that this energy 
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(electromagnetic) entered the arena for 
the hospital in the form of penetrating 
radiation. Both civil and military uses 
of X-rays were quickly realised. 

But not even six months had passed 
before reports of dermatitis on the 
hands of X-ray workers were received. 
These were similar to those which ap¬ 
peared before 1895, on the hands of 
discharge tube and vaccuum tube work¬ 
ers, resembling sun-burn. This proved 
that X-rays could induce biological 
changes. And so, it was the starting 
point of radiation plus biology, that is 
ladio-biology. 

And now, with the help of X-rays, 
supported by special radiographic pro¬ 
cedures, about two dozens of ladio- 
graphies, covering from head to foot, 
aie possible. Medical examinations of, 
say, neck section, chest, breast, cardio¬ 
vascular system, genitourinary tract, 
skeleton, lymphatic system etc can 
routinely be carried by means of X- 
radiatron. 

X-rays also began to he used for the 
treatment of tumours. In the field of 
kilovoltage and supervoltage therapy, 
250 kv, 400 kv, million volt and two mil¬ 
lion volt X-ray machines are quite popu¬ 
lar. Even in a linear accelerator or in 
a van de Graaf generator or in a beta¬ 
tron high eneigy electron beams are 
sometimes hurled against a target to 
produce highly penetrating X-rays, 
which in turn, are made useful, in the 
treatment of deep-seated tumours. 

Thus roentgenography and radiobio¬ 
logy have become established as re¬ 
cognized specialities in clinical medi¬ 
cine. This was the first foundation stone 
cf radiation medicine. 

The second important phase followed 


in quick succession. It happened thus. 

Ai oust'd by this sensational discovery 
of X-ray, Antoine Henri Bacqueiel, the 
son of a professor of physics in Paris, 
began to look for a similar sort of pene¬ 
trating ray fiom some other source. He 
thought about the phenomena of fluores¬ 
cence which was seen to occur inside 
the Hittorf tube at the point where 
cathode rays struck the wall of the tube 
to originate X-radiation. The sugges¬ 
tion, theipforc, was that there must be 
some sent of correlation between the 
fluorescence and the emission of X-ray. 
It could be possible that the subslance, 
capable of giving rise to fluorescence or 
phosphorescence could also be the emi- 
tcr of this X-radiation. Driven by this 
belief he began to examine a number 
of such substances. In that pursuit he 
undertook the investigations of double 
sulphate of titanium and potassium. He 
also used photographic film as the de¬ 
tector of radiation. He found that the 
film, wrapped up with black paper, 
over which the crystal of uranium salt 
was kept in the drawer of his table, be¬ 
cause of cloudy weather, for several 
days, showed the image of the subst¬ 
ance on its developing. This photo¬ 
graph was similar to the one which he 
had obtained when the same arrange¬ 
ment of crystal and the photographic 
plate was kept in the sunshine. Rays, 
similar to X-ray, had thus been dis¬ 
covered by Becqueiel. He found that, 
this emission was inherent in all the 
uranium compounds, Fluorescence had 
nothing to do with it. Becquerel com¬ 
municated the result of his investiga¬ 
tions to the Academy of Science, Paris, 
in the month of January 1896, that is 
only after three months of the discovery 
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of X-rays. Tin’s was the, beginning of 
natural radioactivity. 

At tins stag**, Mario Sklndowska, a 
Polish giil, tlu* daughter of physicist 
parents, holder of masters’ degrees' in 
physics and mathematics', a reseaieh 
scholar and the wife of a celebrated 
scientist Pierre Curie of Paris, was att¬ 
racted hv Becquerel’s ladiation. Slu; 
began to investigate all the available 
substances for their emission of any 
penetrating radiation. In her ease the 



Prof. PIERRE CURIE and hit wife MARIE 
SKI.ODOWSKA Cutic, 

(Courtesy ; Prof. A. Gandv, Foundation Cmic, 
Path). 

detector was not a photographic film 
hut a device based on the principle of 
ionization. The ionization chamber 
coupled with an electrometer, working 
on the principle of piezoelectric effect of 
quaitz crystals, discovered by her hus¬ 


band, ineasmed the intensity of radia¬ 
tion coming fiom the .sample. Every 
time slic, found that the intensity was 
pioporlional to the amount of sample 
under investigation. A preparation of 
thorium salt also gave the same sort of 
result, But chalkolite, a uranium min¬ 
eral, showed higher intensity than what 
was expected. She concluded that there 
must be a substance other than uranium, 
present in the sample, responsible for 
the higher emision. It really came out 
to be so when she started her historical 
work in collaboration with her husband, 
in tlu* hutment of a school. The hard 
work of days and nights consisted of 
pulverization, precipitation and frac¬ 
tional eiystali/alion of pitchblende ore 
from the joaciumstiial uranium 
mine in Bohemia. The processing of 
each twcnlyfhe pounds of ore gave an 
yield of a milligram of a white shining 
metal which was announced in Decern- 
bei LS98 as radium. This new substance 
was two million limes more active than 
uranium. The name radioactivity, that 
is, action at a distance, was given by 
Mine Curie to all those substances which 
emitted radiation, Thus came into ex¬ 
istence an element which is playing a 
vital role in clinics and in laboratories, 
even to day. 

In the year 1903, Mine Curie sub¬ 
mitted her thesis for her degiee of do¬ 
ctorate in which she described the 
various properties of radium. 

She was the recipient of the Nobel 
Prize for physics jointly with A,H, Be- 
ccjuercl in 1903. She received the 
Nobel Prize for the second time in the 
year 1911, this time for chemistry. 

Biological and medical implications of 
radium came accidentally when in 1901 
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MARIE CURIE , ni . 1ttn , - 
Nobel Prize Winner for Phytic* 1903, Jor 
Chemistry 1911 , .. . . 

( Courtesy 4 Piaf'■ A. Gaudy, I'ounuauon (ant, 
Paris). 

Becquerel loaned some radium from tlui 
Cuiies for a demonstration to his stu¬ 
dents, A glass vial containing 200 mil¬ 
ligram of radium remained in the poc¬ 
ket of his vest coat for six hours. This 
produced erythema that is reddening of 
his skin just beneath the vest coat poe 
ket. Then appeared crackings of the 
skin at that site finally forming into an 
ulcer which was painful. Conventional 
treatment was able to bring a cure. 

On receiving this report, Pierre Curie 
voluntarily exposed his arm to the rays 
from ladium to verify the findings and 
he went through the same experience 
as substances like radium were also 
capable of producing biological changes 
just as X-ray did. The Curies and 
Becquerel started a lot of animal experi¬ 


mentation to study the physiological 
i-ifccts of indium rays. During years 
1901-1900 radium was tried for its the¬ 
rapeutic effects on a number of ailments 
such as blindness, dermatological condi¬ 
tions. sciatic pain, female hemorrhages, 

cancer etc, , 

Then in the year 11X16, the Biological 
Laboratory of Radium (which later on 
became Foundation Curie) came into 
existence in Paris and it started clinical 
works with radium. This was follow¬ 
ed by radium institutes and radium de¬ 
partments in other countries also. Simi¬ 
lar to X-rays, this discovery too spread 
far and wide and secured its position 
ill the clinics. 

Mine Curie, a lady of great eminence, 
the symbol of scientific faith and mis¬ 
sionary zeal, a deep devotee at the tem¬ 
ple of learning, did phenomenal work 
during her life time. Perhaps nature 
itself became jealous of her achieve¬ 
ments, honouis and awards. She be¬ 
came. a widow when her illustrious hus¬ 
band Pierre Curie was run over by a 
truck on 19 April 1906. Soon after this 
tragic event however, she was again 
deeply engrossed in her work. As a 
result of prolonged exposure to anaemia 
she died of it on 4 July 1934. Radium 

which had bestowed such incalculable 
gifts in the alleviation of disease, took 
its toll from its discoverer. Mine Curie 
left behind her, an ideal and a strong 
scientific legacy in the persons of her 
daughter, Irene Curie and her son-in- 
law, Prof. Frederic Joliot Curie, again 
both of them Nobel laureates. 

Rapid research and development to - 
lowed and radium was found to be best 
suited for cancer treatment. Inter sti- 
tial, intracavitary and surface applica- 
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Pror. I-REDbRIC JOLIOT CURIE and his 
wife Mine IRENE CURIE (daughter of Mine 
Curie) Centre of the photograph. 

Winners of Nobel Pnze for Clieinistiy, 1935, 
(Courtesy: Prof. A. Gundy, Foundation Curie, 
Pam) 

tors of radium In the form of moulds, 
plaques, etc came into use for the treat¬ 
ment of cancer of the various regions of 
'lie body such as skin, hand, nose, ear, 
eye, longue, oral cavity, vocal cord, 
bieasl, uterus, rectum, etc, Permanent 
implants of radon seeds (bits of thin 
gold tubing containing radon gas) at 
certain delicate sites like tongue, tonsil 
intestine etc. pioved to be veiy effec¬ 
tive. Combined therapy of surgery and 
radium, backed up by loutgenography 
gave excellent results. Radium pack¬ 
ings on curie level, gave high intensity 
beams of gamma radiation suitable for 
the treatment of deepsealed tumours. 
Solid radium salt filled in platinum con¬ 
tainers in the shape of needles and 
shells began to pour into tlic hospitals. 
In our country, this costly substance 
(about Rs. one lakh for a gram) came 
for the first time in Ranchi, Bihar, 
around the year 1920. 

Thus the two great discoveries of X- 
ray and radium plus the pioneering 
work of Roentgen, Becquerel and Mine 


Curie laid the foundation stones of 
Radiation Medicine. 
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The Nature of Organic 
Compounds 

Y. A. Naumov 
B, D. Atiu.va 
Department of Science Education 
N.C.E.K.T. New Delhi 


I T is difficult to enumerate all the 
organic substances, which are being 
produced in industry today. Many peo¬ 
ple lane started calling the twentieth 
century as 'The century of atom and 
polymers.' According to calculation of 
experts, different polymers will compose 
about fHN of all the materials used in 
mechanical engineering by the year 
19.S0. Even at present, in a modem 
airliner, there are about 120,000 parts 
made of plastics and rubbers. The 
main fields of industrial organic chemis¬ 
try have been shown in a tabular form. 

The industry of heavy organic synthe¬ 
sis (column 1 in the Table) is produc¬ 
ing some 1 important substances in large 
amount (polymers, petrol, alcohol, 
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acetic add etc). In the ease of fine 
organic synthesis (Column 2 in the 
Table) the production is not so large. 
Examples of fine organic synthesis’ are 
medicines, perfumery and dyes etc. 

It is important to mention here that 
all flue organic synthesis is based on 
organic raw materials obtained by heavy 
organic synthesis. Moreover, some im¬ 
portant inorganic products (o.g,, hydro¬ 
chloric acid, hydrogen) are also produc¬ 
ed as by-product of organic synthesis. 

The alxive chart shows the tremendous 
importance of organic chemistry for the 
growth of national economy. Moreover, 
it also explains the rapid development 
of industrial organic chemistry. 

The term Organic Chemistry was in¬ 
troduced in 1807 by Berzelius 1 . It was 
associated with the wrong idea, that 
organic substances could he formed only 
in living organisms, It was called vita - 
listic theory (in Latin vita means life). 
This theory postulated that all organic 
substances could he formed only in liv¬ 
ing organisms under the influence, of a 
special agency called ‘vital force.' 

In 1828 Wohler, a student of Berze¬ 
lius, synthesised urea (a product of me¬ 
tabolism in living organisms) from in¬ 
organic substances. 

Though the concept of ‘Vital Force’ 
was thus proved to he wrong, it took 
quite some time for the contemporary 



\ \ 
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ch<‘mists to discard it. However, the 
term Oiganic Chemistry continues to be 
in use even now. 

Many attempts were made to define 
the characteristics of organic substances, 
In 1889 Schorlemmer proposed a defini¬ 
tion of organic chemistry that is widely 
used now-a-days. 

Organic Chemistry is the chemistry 
of hydrocarbons mul their deriva¬ 
tive's 

In spite of all attempts to define 
Organic Chemistry and organic subst¬ 
ances, no sharp boundary can he drawn 
even now between inorganic and orga¬ 
nic substances. Yet there are some rea¬ 
sons for treating oiganic compounds as 
a special class. 

1, One of the main reasons for still re¬ 
gal ding organic compounds as an indi¬ 
vidual group is their unusually large 
number. At piosent the number of 
organic substances has reached about 
four millions, whereas there are only 
about 200,000 inorganic compounds. 
The carbon-carbon covalent bond in the 
compounds of the general formula 
Clin—(CII-) n—2-CIIn is very stable. 
For example, the hydrocarbon (polye¬ 
thylene) consisting of about 1000 car¬ 
bon atoms (n=1000) has been prepar¬ 
ed. In contrast to this, the maximum 
number of silicon atoms in a stable com¬ 
pound of the general formula SiHs- 
(SiHa)n—2 SiH 3 is only six (n=6), It 
is all the more surprising since silicon 
is the closest neighbour of carbon in 
the Croup IV of the Periodic Table. 

2. A large number of organic com¬ 
pounds is not stable to heat at or above 
300—400°G, whereas most of the inor¬ 
ganic ones are quite stable in this tem 
perature range. It is easy to demonst- 


Fig. l 
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(ate, for example, that while, sugar and 
starch char on heating, common salt 
and caustic soda do not decompose 
under same conditions, 

3, The structure of most organic com¬ 
pounds is more complex than that of a 
majority of inorganic ones. For exam¬ 
ple, the molecular weight of polyethy¬ 


lene is about 10,000 while the molecular 
weight of most inorganic compounds is 
much less. 

-1. The speed of oiganic reactions is 
in general much less than that of the 
ionic reactions of inorganic substances. 
A very simple example illustrates the 
differences. 


AgN0 3 -h NOCI AgCl|+NaN 0 3 

Alcoholic Sodium 
solution ehlorlds 


AgN0 3 + C 2 H 5 Bt-AgBf| +(^ 5 ^ 

Alcoholic Ethyl 

solution bromide 

Fig. 2 


Besides a difference in the reaction simultaneously in a number of ways 
rate, most organic reactions differ from forming different products. For ex 
inorganic ones in that they proceed ample, in the reaction shown below: 



Ethyl alcohol Ethyl alcohol 


Catalyst 

-h 2 

-2H 2 0 


h 2 c 


CH — CH = CH 2 

Butadiene 


Polymorisotlon 
--- —r 


Synthetic 

Rubber 


Fig. 3 
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llu* yield rtf butadiene is only about modern theory of organic chemistry 
50%. Thr reason i.s (hat alcohol takes The main points of the modem th TO 
part in other transformations at the of organic chemistry are: *" ' 

same time. Here are two Mich changes: (a) The concept of chemical struc- 
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Dohydroganat Ion 


- H. 


Ethyl alcohol 


I? 

C 

\ 

Acetaldehyde 


+ HjC 


Dehydration 


aS “ ? H 

2 


F 1 

! 

! 

0 

1 X 


Ethyl alcohol 

Fix- * 


h 2 c 


OH. 


Ethylene 


If the yield of organic product is 
even 50 to 80% of tho theory, it is con¬ 
sidered as satisfactory in most cases. 

Let us nosv consider some of the 
main theoretical concepts of Organic 
Chemistry. 

Organic substances like alcohol, vine¬ 
gar, natural dyes had been known for 
a very long time, The development of 
theoretical concepts about the nature of 
organic compounds, however, started 
only at the middle of the 19th century. 
Here arc some most important steps in 
this development. 

A. In 1857, Kekule and Kolbc stated 
that the valency of carbon is always 
four. 

B. In 1857, Kekule and Couper inde¬ 
pendently drew attention to the fact 
that carbon atoms have capacity to link 
with one another to form long chains. 

C. In 1861, Butlerov stated the 
theory of chemical structure of organic 
substances. Tin's theory is the basis of 


ture which includes: 

(i) The nature of atoms which com- 
post* the molecule; 

(ii) The order of their bonding; 

(in) tho nature of the bonds, 

(b) The properties of a substance de¬ 
pend upon its chemical stmeture. In 
other words the formula of a substance 
expresses not only its chemical structure 
but also some of its properties. 

(c) Tho chemical properties of indi¬ 
vidual atoms in the molecule depend 
upon the nature of other atoms (the 
concept of mutual influence of atoms). 

The following examples illustrate the 
above points of tho modem theory of 
organic chemistry. 

1. Here arc the formulae of three 
different oxides—SOa, CO 2 , SiOjj., These 
oxides are built from oxygen and an 
atom that is different in each case. So 
they have different structures and be¬ 
cause of their different structures they 
have different properties. 
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2. The molecular formula of butane 
is C 4 H 10 . This formula indicates that 
a molecule of butane is composed of 4C 
atoms and 10 II atoms. Thcoietically 
two strucluial formulae can be written 
corresponding to the above moleeulai 
foimula. One can wiile these structm- 
al formulae by starting from the struc- 
tmal foimula of propane and then re¬ 
placing an II atom with CII 3 group. 


The properties of iso-butane differ 
fiom the pioperties of normal butane 
due to difference in order of bonding 
of carbon aLoms In this case the dif- 
feienl order of bonding leads to dif¬ 
ferences m properties (B.P. density, 
chemical propeitics etc.) 

The example of the two butanes will 
now be. used to illustrate another im¬ 
pel tant feature of organic compounds. 


H H H H 7 H 8 H 1 

- c- C— C - H ^ - nd ^ - P - e H 6 -C-C-C-H* 

1 1 1 h replaced t 1 i_ H replaced 

H CH 3 H by c h 3 H 5 H 4 H 3 byCH3 H H H 


H H H 
1st type 1 1 1 

- y H-C-C-C-CH 

I I 


Iso-butane 


propane 


n-butane 


Fig . 5 


There aie two types of II atoms in 
the propane molecule. 

II atoms (1, 2, 3 and 5, 6, 7) attached 
to the two primary carbon atoms are 
of the first type and II atoms (4, 8) at¬ 
tached to the secondary carbon atom 
are of the second type. 

Correspondingly, the replacement of 
H atom (any of 1, 2, 3, 5, 6, 7,) would 
give one type of butane (n-butane), 
and the replacement of another II atom 
(either 4, or 8) would give another type 
of butane (isobutane). Both these iso¬ 
mers are known. 


Tliis is isomerism. Both n-butane and 
iso-butane have the same molecular for¬ 
mula C(Hm and yet they have different 
properties. They arc isomers of butane. 

Isomers are substances, having the 
same molecular formula, the same 
molecular weight, but different struc¬ 
tures and properties. 

There are diffeient kinds of isomer¬ 
ism such as: (a) Skeleton or chain 
isomerism e.g. n-butane, isobutane 
(refer to formulae m Fig. 5) 

(b) Isomerism based on the posi¬ 
tion of the functional group, (fig. 6) 


H H H H 

I4 I3 Iz *1 

H — C — C — C — C — OH 
I I I I 

H H H H 

Butanol —* 


H H H H 



I I I I 
H H OH H 

Butanol - 2 


Fig 6 
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(c) Isomerism ha -;:.I mi the position of multiple bond (lig. 7) 





Butene — I 


/«• 7 


Butene— z 


3. Comparing tint formulae of ethane and ethylene one can .sec, that a dif¬ 
ference in the nature of bonds leads to a difference in the properties. For 

H H 

I I 

H _ C — C — H H — C = C — H 

II >1 

H H H H 

Ethane EthyUno 

hg .S' 


instance, thylenc reads with bromine water very easily. In contrast to ethy¬ 
lene, ethane does not react with bromine under the above conditions, Sub¬ 
stances like ethane arc called "saturated" hythoearhons, 


Q f* O 2 ® 

CH « CH„--—-=—->- B rCH ? — CH~Br 

"2 2 1 Bromine Wotor) *- 

Ij 2-Dlbromoothone 

Fig V 


H 

I 

H — C — H 
I 

H 

Methono 


H 

I 

H — c —0 — H 

I 

H 

Mtthyl alcohol 


Fie. io 
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4, Let us compare the following sub¬ 
stances. (Fig. 10) 

In methane all hydrogen atoms are 
directly linked with tho carbon atom. 
In the case of methyl alcohol only three 
hydrogen atoms are bonded with the 
carbon atom directly. The fourth mu* 
is connected with the carbon atom only 
indnectly through the oxygen atom. It 
means that in methyl alcohol these two 
types of hydiogen atoms should have 
different properties, In fact one can ac¬ 
complish the following icaction rather 
easily with methyl alcohol: 

2CI-I 3 OI-I+2Na -> 2CH 3 ONa+H 2 

Methane, on the oilier hand, does noL 
react with metallic sodium under the 
same conditions, 

5. The concept of mutual influence 
of atoms is well illustrated by tho fol¬ 
lowing example: 

Acetic acid is a weak acid with a dis¬ 
sociation constant = 1-76 x I0“ J 


Earlier it has been mentioned that 
one of the reasons for the existence of 
a large number of organic compounds 
is a high stability of the C—C covalent 
bonds. Let us now considci why this 
bond is so stable. 

The unusual stability of the inert 
gases is well known. This stability is 
due to the structure of their outermost 
shells. All inert gases have eight elec¬ 
trons in the outermost shell. Only one 
of them—helium, has two electrons in 
the outermost shell. 

Let us compare the electionic con¬ 
figurations of the outermost shells of 
helium (I) and neon (III) with the 
electronic structure of ethane (II) for 
instance: (Fig. 12) 

From this scheme one is led to con¬ 
clude that the C—C bond should be 
quite stable because both atoms of car¬ 
bon aie surrounded by an electron octet. 

At the same time the C—H bond 
should also be strong because electro¬ 
nic structures of both the carbon and 


CH 3~ C 


\ 


Acatlc acid 


OH 


0 


/ 

F - CH,- C 
2 \ 


. OH 

Fluoroacetlc add 


K d X 


10 


1-76 


Kn * 10 = 220 


Fig. 11 


The dissociation constant of fluoroa- the hydrogen atoms resemble electronic 
cetic acid, on the other hand, is 220xl0' 5 structures of neon and helium respee- 
The much enhanced strength of txvely. 

fluoroacetic acid is due to the influence Another important feature of organic 
of the fluorine atom. (Fig. II) compounds depends upon their spatial 
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configuration. Let us iakf up methane 
as an example ami consider hoxv it can 
lie represented hy a formula: 

(a) Clt#: This is the so-called con¬ 
densed structural formula of methane. 
It is also its molecular formula. Very 
often methane is represented hy the 
following more elaborate formulae: 

(b) Kleetronie formulae 

H H 

I •• 

H-C-H or H l c ;h 


m. 13 

Idle spatial configuration of methane 
may he represented as in Fig. 14. 

The bond angle IICII is equal to 
109'2ih'. Under the above angular con- 


H 



H 

Fig. 14 


drtinns in methane molecule, the atoms 
of hydrogen exert least possible i n - 
flui-mrs upon one another. Homologues 
of methane also have the same 
viihtes of bond angles. For in. 
stance, the carbon skeleton of n-butane 
is represented as follows: 

I 1 |2 |3 ,4 

— c — C — C — C - 
I I I I 

Fig. 15a 



fig, 15b 

Bond angle <■* is approximately equal 
to 109". 

X-ray analysis has shown that the 
distance between the centers of C and 
II atoms in the bond C-II (let this dis¬ 
tance he r) is less than the sum of the 
radii of C atom (>-c ) and H-atom ( f H) 
Tims one can write mathematically 

r < r c + r H 

Fig. 16 

It seems that the common pair of ele¬ 
ctrons draws the centers of C and H 
atoms nearer to one anothei, 



Fig. 17 
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In conclusion it may be stressed that is a rapidly glowing research frontier of 
it is not possible to tlnow light on all organic chemistry which is still engag- 
problems of stiucture of oigaiue com- ing the attention of top-most organic 
pounds in a short abide like this. It chemists. 

Biographical Notes on Berzelius, Wohler, Kekule, Kolhe, 
Couper , Butlerow and Schorlemmer 


1, Jons Jacob Berzelius (born 20 August, 
1779 in Vaversunda, Sweden, died 7 Au¬ 
gust 1848 in Stockholml. His patents died 
when he was young Berzelius was 
brought up by his step father. At the age 
of 17 he left the school. The headmaster 
reported about Berzelius that there was 
‘little hope for him'. In spite of this poor 
opinion, he graduated fiom Uppsala Uni¬ 
versity with a dissertation on ‘mineral 
water’. At the age of 23 lie received his 
M.D on a thesis on medical applications 
of galvanism. 

At the age of 28 Berzelius was appoint¬ 
ed Professor of Medicine and Pharmacy 
in the School of Surgery in Stockholm A 
year later he was elected a member of 
the Swedish Academy of Sciences. Ten 
years later, at the age of 39 he rose to 
the rank of a Joint Secretary of this aca¬ 
demic body 

Berzelius’s main aim in all his experi¬ 
ments was to find support for Dalton’s 
atomic theory and his own electrochemi¬ 
cal theory. According to Wohler, Berzeli¬ 
us’s Laboratory consisted of 2 rooms 
Without furnaces, fuels, water or gas. In 
this modest laboratory Berzelius invent¬ 
ed many types of apparatus (e.g, retort’ 
stand with rings, triangle support for 
crucibles, glass spirit lamp, screw clamp, 
wash bottle with a single tube) which 
were later on accepted as if existing from 
the earliest beginnings of experimenta¬ 
tion in science. 

In spite of the poor laboratory condi¬ 
tions his experimental work covered 
wide areas in chemistry. He published 
over 200 papeis and notes. 

Berzelius was a greal systematizer in 
chemistry. His dualistic (electrochemical) 
theory about the nature of compounds 
helped to co-ordinate a large number of 

1 Prom A History of Chemistry, Vol, 4, 
by J. R. Partington 


facts in chemistiy. Berzelius was slow 
thinker—which was probably necessary 
for systematization Wohler says that 
Berzelius on seeing a hasty experiment 
would remark ‘Doctor, that was quick 
but bad’. 

2 Friedrich Wohler (born 31 July 1800 
in Eschershem near Frankfurt m Ger¬ 
many-died 23 September 1882 in Gottin¬ 
gen) was the son of a veterinary sur¬ 
geon. In 1823, he took a medical degree 
but decided to be a chemist. It is said 
that Wohler never attended a formal 
course in Chemistry in his life. In 1823-24 
he spent about a year with Berzelius in 
Stockholm In 1825 he became a teacher 
in a Berlin Technical School In 1835, he 
visited England and met Faraday who 
thought he was meeting Wohler’s son, 
because of his youthful appearance, 

On 22 February 1828, Wohler wrote to 
Berzelius saying ‘I can make urea with¬ 
out the necessity of a kidney or even of 
an animal, whether man or dog ’ 

Liebig regarded the discovery of Woh¬ 
ler as ‘the first beginnings of a truly sci¬ 
entific Organic Chemistry’ Commenting 
on the effect of this discovery Kolbe 
wrote, ‘the natural barrier which until 
then separated the organic from the in¬ 
organic compounds had fallen, and a clas¬ 
sification of chemical compounds into or¬ 
ganic and inorganic in the earlier sense 
had no natural basis. 

3. Friedrich August Kekule (born 7 Sep¬ 
tember 1829 at Darmstadt in Germany 
and died 13 July 1896 in Bonn) studied, 
in 1847, architecture since he was talent¬ 
ed in drawing and mathematics. The in¬ 
fluence of Liebig (1848-51) drew him to 
chemistry which he studied in Paris 
(1851-52). While in London (1854-55) as 
a research assistant he brought out his 
structural theory of molecular architec¬ 
ture. 

Kekule later said that the idea of the 
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larger mies fnimed :i chain and the smaL 
I it mu,; hung nit only at the end of the 
chain'. 

He was awakened hy the call of the 
omnibus conductor and spent part of the 
night putting 'kHehe,; of the dtenni pic- 
lues on paper: "So arose the structure 
thenry". 

4. Hermann Koltir (Im™ St Sep* ember 
HUH near Gottingen, Germany, died 25 
Novemher 18(14 near Iwipng, Germany 1, 
He was eldest of the lfi children of a Lu¬ 
theran pastor. At the age of 2(1 he stu¬ 
died under Wohler, and worked as an as¬ 
sistant to Bunsen when he was twenty 
four, Ho succeded Bunsen as Professor 
at Marburg in 1851. 

Kolbe was an outstanding experiment¬ 
er and also a very successful teacher. His. 
text-books arc very well-arranged. Kolbe' 
was very critical of using loose and am¬ 
biguous expressions in scientific papers. 

Ko'be was a pupil of Bunsen and a fol¬ 
lower of the views of Berzelius. Kolbe 
was a straight-forward and fearless man. 
He never failed to express his opinions 
even if it opposed those in authority. 
Throughout the period of the development 
of the 'Type Theory 1 by Wurlz, Kekulo 
and o f hcrs, he vehemently opposed it. 

5 Archibald Scott Coupcr (born 31 
March 1831 and died 11 March 1892) stu¬ 


died hi Edinburgh in his early years 

; " hd,n ^n;h as an assistant i u 
m.i!) his mind gave way and he neve 
fully recovered 

Gmiper hold that carbon has two high, 
y di lmotive properties (i) it combines 
‘.Mth equal number of equivalents of hv 
diugen. chlorine, oxygen, sulphur etc and 
t in it enteiinto chemical union with 
H'eif (miper said 'These two properties 
in my opinion explain all that is charac- 
Jerii.tie of Organic ChemisUy. The se- 
tuml property is, so far as I am aware 
been signalised for the first time’ 

(i. Alexander Michairlovich Butierow 
thorn (i September 1829 and died 17 Au- 
gn A 11)811) studied under Zinin but was 
essentially self-taught Ho was Professor 
in Kazan UHii'i) and St. Petersburg 1868) 

l!o proposed the term 'Chemical struc- 
Une‘ (ohemim'hc slruktuv) in place of 
'constitution' suggested by Gerhardt, He 
assumed the toUahedral arrangement of 
(mi bon valencies. 


lie (imposed the low: Two molecules 
With the same empirical formula aie iden¬ 
tical when the chemical relation of every 
single atom to other dements (not to de¬ 
finite elementary atoms) is the same. 

7. Carl Sehorlemmcr (born 30 Septem¬ 
ber 1834 al Darmstadt and died 27 June 
185)2 m Manchester) after studying phar¬ 
macy al Heidelberg went to Giessen in 
1859 where he studied chemistry. Later, 
he became Rosen's assistant in Owens Col¬ 
lege Manchester and in 1874 become Pro¬ 
fessor of Organic Chemistry there—the 
first chair of its kind in England. This 
chair he occupied until his death 

Here arc two different reactions to 
Sehorlommcr as a teacher. 

Kipping said 'Schorlcmmer read his 
lectures without emphasis or pause from 
notes held close to his nose’ but Smithells 
said 'they were an awakening to the gen¬ 
uine student’. 
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D E BROGLIE’S hypothesis of matter 
waves was the starling point for a 
new theory called “wave mechanics,” 
which resolved the wave 7 mrUcle dis¬ 
crepancy, 

Erwin Schrodingcr developed the hy¬ 
pothesis of matter waves into a gene¬ 
ral and precise theory for the descrip¬ 
tion of particle motion. lie put the hy¬ 
pothesis in mathematical form by deve¬ 
loping a "wave equation” of the type, 
d 2 2 m 

This is a com¬ 


plicated differential equation. Besides other 
quantities, it also includes a quantity 

(P-si) which corresponds to the ampli¬ 
tude of ordinary waves. In general, the 
solution of any problem involves solv¬ 
ing die wave equation for ^ at the par¬ 
ticular place and time. A question im¬ 
mediately arises: What is the physical 
significance of the quantity ? Max 
Born's inteipretation is that the value 
of ^ at any place determines the pro¬ 
bability of finding the particle there. 

The idea of probability is not new in 
physical science. We first encounter it 
in our study of the kinetic theory of 
matter where we talk about the most 
probable and average velocities rather 
than the velocity of one paiticular 
molecule. The idea of probability is 
also central in our discussions of re¬ 
action rates, both chemical and nuclear. 
Before the advent of wave mechanics, 
however, this need to talk of probability 
was considered to be clue primarily to 
our deficiency in observation rather than 
to a fundamental piinciple. In accord¬ 
ance with Newtonian mechanics it was 
thought that with sufficiently precise 
methods, the motion and position of 
any particle could he observed exactly. 
Wave mechanics, on the other hand, 
does not make this claim of exactness 
in such measurements in spite of the 
best sophistication in instruments and 
techniques of measurement. This stand 
of the wave mechanics, gave birth to 
a fundamental physical principle of 
quantum mechanics. It is known as the 
uncertainly principle. It was enunciated 
by Werner Heisenberg in 1927. It 
states that pairs of cannonically canju- 
gate variables exist in physics which 
have an ultimate error imposed jointly 
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upon their rmiiied values. The must 
common pans ot tanjugate variables of 
such l\|M* are ta) position, x ami mo¬ 
mentum, p ami tb> energy hand time t. 
These tniipjR.ite xartalths are connect- 
til quantitatively by the nneeitamty 
principle as, Ap x - A\=;h ami Ah At=sh 
Here, Ap* and Ax are the simultaneous 
uncertainties inp x anti x < Similarly A K 
A t are the simultaneous uncertainties in 
the imMsurt’inrnt tif E and l where as 
h is planck’s constant h~Tvfi2xU) w 
joules .sec. 

It is exident that the uncertainty prin¬ 
ciple is stated in terms tif a product of 
uncertainties, which is of the order tif 
Planck's constant, h. The error imposed 
is thus a joint, or reciprocal property 
of the two variables taken together. 
Kor example, one can make an indefini¬ 
tely accurate measurement of monieii- 
turn but such a measurement would im¬ 
ply correspondingly large uncertainty in 
the measurement of the position of the 
particle. 

An important feature tif the uncer¬ 
tainly principle is that it is indeed a 
principle of physics and has nothing to 
do with the details of experimental ap¬ 
paratus, For any real experimental mea¬ 
surement, of course, the crudity of the 
measuring instrument gives rise to a 
range of error in the measurement. For 
example, in weighing an object, friction 
in the bearings of the balance imposes 
a limit on the sensitivity of the balance. 
Similarly, in the case of measuimg 
length, the measurement can not be 
made more accurate beyond a certain 
limit dependent upon the fineness of 
llie scale divisions, However, this type 
of error, can be improved upon by 


building bettei measuring devices. In 
principles, one can always imagine an 
appai.itus in classical physics, which can 
make measurement to any finite accura- 
<>'■ b> classical physics, construction of 
a measuring appatalus of any finite pie- 
eisinn is only a matter of care and ex¬ 
pense. 'I he uncertainly principle, on 
the other hand, is a different kind of 
Statement It implies that any kind of 
measurement contains a ‘built-in’ error 
winch can not be improved upon, no 
matter what the sophistication of the 
measuring apparatus. The uncertainty 
relation is thus a theorem concerning 
the natntal limitation of all measure¬ 
ment, To repeal, one can not build a 
measuring device which will make a si¬ 
multaneous measurement of position 
and velocity to any greater accuracy 
than is implied in the uncertainty prin¬ 
ciple. From the stand point of microsco¬ 
pic physics, the uncertainty principle is 
a curious statement, and its meaning is 
lully realized only by considering the 
basic act of measurement. 

When the position of a paiticle is 
measured, in the very process of mea¬ 
surement, one must devise some means 
to see the particle, For this, one can 
lxmnee a light photon off the parti¬ 
cle, Obviously, such procedure disturbs 
I lie particle so much that its momentum 
is not what it was before the position 
measurement. Hence the accuracy of 
the measurement of position is achiev¬ 
ed at tin 1 eosL of the measurement of 
the momentum of the particle, 

Of course, some examples in classical 
physics, too, can help to understand the 
nature of uncertainly principle. We, 
sometimes, observe that the very act of 
measuring disturbs the object we are 
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tl y 1U jr to measure. A voltmetei placed 
across a circuit may draw- a small 
amount of cuncnt and so Itnver the ori¬ 
ginal potential difference slightly. St¬ 
eady a tliemiometei used foi record¬ 
ing temperature of a body alter its tern- 
paature dining the process ol measure¬ 
ment of the temperature. 

Of course, the uncertainty principle 
imposes significant uneertainiies only in 
the microscopic realm. For example, the 
uncertainty in measurement of position 
of a mass of 1 kg whose velocity has an 
uncertainty of 1 m/s is about 10'%, 
a distance some 10 21 times smnllei 
than the ladius of the electron. How¬ 
ever, for an electionin orbit in a hydro¬ 
gen atom, the unceilainly is of the or- 
dei of 10' l0 m oi about the size which 
is usually ascribed to atoms themselves, 

S.milaily, if we take 1 second to mea¬ 
sure the gravitational potential energy 
of a block of wood, the uncertainly in 
measurement can he as small as 10 H 
joules, hardly enough to worry about. 
On the olhci hand, if an unstable par¬ 
ticles decays in 10 ' 22 second, then the 


uncertainty in the time dining which 
wc measuic its energy cannot be larger 
than that and therefore, the uncertain¬ 
ty in energy is lO" 12 joules that is about 
10%, which can make a difference in 
the nature of the decay piocess itself. 

Thus, we sec that modem physics 
extends its horizons far beyond the 
everyday expcncnce upon which all the 
common-sense ideas of classical physics 
weie based and we are thus bound to 
find striking deviations fiom our con¬ 
ventional way of thinking and must be 
picpaied to encounter facts that sound 
quite paradoxical to ordinary common 
sense, Quantum mechanics is basically 
statistical in nature and hence the un- 
ceitainty inherent in the quantum me¬ 
chanical description of nature can not 
he oveieomc by experimental ingenui¬ 
ty, Many attempts have been made to 
find logical escape fiom the lestrictions 
imposed by the uncertainty principles, 
but no one has cvei succeeded, Fur¬ 
thermore, the restrictions agree with 
the results actually observed in experi¬ 
ments with elementary particles 



Probing The Secrets 
of The Solar System 

A, A. Ownsirrm.v 


OCTOBER 18 at 4 hours 31 mi- 
miles universal time the Soviet in¬ 
terplanetary probe Venus 4 completed 
its 128-day, 350-million-kilorneter jour¬ 
ney over a heliocentric orbit and re¬ 
leased a 383-kilogrammo instrument 
pack for the final descent by puraebutu 
to the surface of the mysterious planet. 
Automatic devices measured the pres¬ 
sure, density, temperature unci chemical 
composition of the Venusian atmosphere 
and relayed the information back to 
Earth. 


The soft landing thus effected on 
Venus- a fitting accomplishment in this 
jubilee > ear of October Revolution- 
marks- a new stage in the systematic ex- 
plmation of the solar system under- 
lalvf-ii by Soviet scientists, It was pre¬ 
ceded by the first soft landing on the 
Moon by the Soviet Luna 9 and the 
inbilling of the Moon’s first artificial 
.satellite, Luna 11), last year. 

The trajectory to Venus, or to any 
other planet of the solar system for that 
matter, can he worked out practically 
for any time—thanks to electronic com¬ 
puters and our knowledge of the laws 
oi celestial mechanics, But because of 
teelmieul considerations the launchings 
must he made when the Sun, Earth and 
Venus stand in a definite relationship to 
one another. 

The most favourable junctures recur 
roughly every 19 months, the time it 
takes for Venus, which makes one le- 
wiluliim around the Sun in 224.7 terre¬ 
strial days, to return to the same refer¬ 
ence position in the sky. The duration 
of ear'll opening is about 14 days. This 
sets' the timetable for all launching sites 
in the world—the Soviet as well as the 
American, 

So far six space vehicles have been 
fired at Venus. The first was on Febu- 
rury 12, 1961, when the Soviet Venus 
1 was launched. The next opportunity 
in the summer of 1962—was used by 
llie U.8. scientists to send Mariner 2 on 
its way. The spring 1964 opening was 
skipped, but in November 1965 the 
Soviet space vehicles Venus 2 and Venus 
3 were launched. And in mid-June this 
year the Venus 4 and Mariner 5 were 
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sent out within two days of each othoi. 

The long intervals between favoma- 
bl e junctuics pose added difficulties be- 
foie scientists and designers. To build 
and launch a space vehicle mjuiies the 
concentrated labour of thousands of 
specialists and substantial material ex¬ 
penditures; every detail and contingency 
lias to be given due thought in advance. 
But it must also be remembered that 
missing an opening would put off the 
project, in the case of Venus, for moie 
than a year and a half, in otliei wouls, 
mean the loss of precious time. Hence 
maximum use should be made of every 
opening. From ibis standpoint the 
Soviet ‘double shot’ of 1965 when two 
probes with different assignments were 
sent off was of exceptional interest. 
Venus 2 and Venus 3, the first to carry 
the Soviet emblem to the planet, pro¬ 
vided data which ensured the success 
of Venus 4. 

The flight of Venus 4, a 'fiymg labor¬ 
atory’ weighing 1,150 kilogrammes, 
thiew new light on the physical proper¬ 
ties of outer space. Venus was found 
to be surrounded by a faintly delecta¬ 
ble hydrogen corona, and a lack of 
magnetic field and ladiation belts. 

The magnetic field and radiation belts 
of planets are correlated to their axial 
spin. Radar studies show that the 
Venusian spin greatly differs from that 
of the Eaith; the rotation is in the op¬ 
posite direction and the Venusian day 
equals 243 of ours. However, observa¬ 
tions made by French scientists at the 
Pic due Midi high altitude observatory 
reveal a far faster rate of rotation of 
the planet’s cloud cover—with periods 
of four teirestrial days. The discrep¬ 
ancy between the two made it difficult 


to say what really was the speed of 
rotation Now the absence of a magne¬ 
tic field and ladiation belts established 
by Venus 4 may be taken as indirect con¬ 
tinuation of the ladar findings. The 
optical observations llicrefoic suggest 
that tlic atmosphere of the planet is in 
a stale of violent tuibulence. 

Highly important is the information 
obtained on the properties of the Venu¬ 
sian atmosphcic. The transmitter of 
the instrument pack began woiking at 
a height of 26 kilometres and continu¬ 
ed sending back data for 94 minutes 
until the landing, when some inter¬ 
ference with the antenna blacked out 
the signals. During the descent the 
temperature ranged from +40 to -(-280 
degrees centigrade and the atmosphe¬ 
ric picssuio from one to about twenty 
times that on Earllr—a seveie test in¬ 
deed for the instruments. 

To ascoitain the composition of the 
atmosphere, five of the eleven gas ana¬ 
lysis capsules look tests at an altitude 
of 26 kilometres, as soon as the para¬ 
chute opened, and the remainder at 
some 23 kilometics. The findings may 
therefore be considered reliable. 

The Venusian atmosphere, it was 
found, consists almost entirely of carbo¬ 
nic acid gas, with an oxygen content of 
0.4 per cent and water vapours account¬ 
ing together with the oxygen for no 
moie than 1.6 per cent. The analyzers, 
with a threshold sensitivity of 7 pei cent 
did not delect any nitrogen 

This came very much as a surprise. 
Hitherto Venus has been regarded as 
the Earth’s twin planet. For one thing, 
there were the similarities of size and 
mass, and other resemblances were con¬ 
ceivable. Now there aie far less giounds 
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mild well haw* been affeitcd hv an 
ionosphere or clcctiual disclutges in the 
atmosphere, As fui atmospheric pu*s- 
stiro, the tango was mormons, though 
most investigators wort: inclined to ac¬ 
cept a moderate mean in the neigh¬ 
bourhood of five terrestrial atmospheres 
at tlu* surface. Today Venus 4 has pro¬ 
vided the researcher with reliable ex¬ 
perimental data to go by. 

The aims pursued by the t’.S, space 
researchers in launching Mariner 5, 
which coursed past Venus at a distance 
of 4,000 kilometres one day after the 
Soviet probe made its soft landing, 
weror similar to those of the latter, 
though the methods used were, indirect 
instead of direct. 

At one lime it was thought the Mari¬ 
ner programme, under which two suc¬ 
cessful launchings (one to Venus and 
the, other to Mans) were made out of 
four, lmd been completed. It was to 


be billowed by the Voyager project, 
”'th dll' first test launching scheduled 
bn 1%<) and the initial interplanetary 
sli.il for 1‘tTl. hut limmcial difficulties 
haw (funded the pmspeets and the pro¬ 
gramme will not get under way before 
I'lTb 

F,S. space scientists, howevei, were 
against waiting until 1973 and urged 
that earlier openings be utilized in order 
to make good, at least to some extent, 
the lag in the American Venus and 
M.us piogramines. Owing to this pres¬ 
sure it was decided to send up a left 
ow-r tw in of Mariner 4, a 245-kilogram- 
me which* with limited capabilities, re- 
christened Mariner 5. 

The u-iiowned Russian astronomer V. 
K. Tseiasky mice said that astronomy 
lives in the past 1ml works for the fut- 
iiie, meaning that most astronomical 
observations acquire added value with 
the passage of time, The most Ac¬ 
curate obseivations made singly cannot 
take the place of systematic studies over 
long periods of time, for only these can 
trace the evolution of the law-govern¬ 
ed regularities of nature. The solid 
foundation mi which modern astronau¬ 
tics rests, for instance, is the cumula¬ 
tive product of painstaking astronomical 
ohseivations over the centuries. 

Astronautics', like astronomy, is pro¬ 
jected into the future. The initial 
flights to the Moon and planets of the 
solat system of which wo are the wit¬ 
nesses- hold out the promise that the 
time will come when they will be mas¬ 
tered by man. 



Evei since man cultivated land to grow his food, 
he has had to wage wai agamst weeds which 
competed with his a op foi light, water and 
nutrients, thus i educing the food available to 
him and his family. The methods of cultivation 
oj Ins land have evolved in such a 1 \ay as to 
minimise this weed competition and, even today , 
many fanning pi notices aie directed towards 
their control. With the rapidly wci easing \m Id 
population, pi oviding more food f/om the land 
ts as vital today as it was at the beginning of 
civilization. 


The Continuing 
Struggle Against 
Weeds 

B. J. IIliYWOOI) 


T HE importance of the problem is 
often illustrated by quoting the in¬ 
creased number of mouths to feed. It 
can also be expressed in lost harvest; 
for example, it is calculated that m the 
USA alone the annual cost of loss of 
ciops through weed competition is 
about 100 million per annum. Effec¬ 
tive control of weeds by chemicals is 
comparatively recent and it really dates 
from the first use of organic compounds 


From Spectrum 41, October 1967 


introduced during the second woild war. 
Since that time, many organic com¬ 
pounds have been discoveied which 
give gicat assistance to the farmer in 
his war against weeds. Over 120 differ¬ 
ent herbicides are used thioughout the 
woild. 

Weed killers, oi herbicides, can be 
classified, as shown m Figure 1, but it 


Chemicals Toxic to Plants 


selective loxicity 
i.e not toxic to crop 


4- 

herbicides used 
in agriculture 


active 

through 

foliage 


post’ 

emergence 



non-selective 

toxicity 


herbicides used on 
railway paths, roads, 
indugti ia| sites 


active 

through 

root 


pre¬ 

emergence 


Figure 1 

must be appreciated that this is a gen¬ 
eralised diagram and some can act both 
as pie-emergence and post-emergence 
herbicides. Again, it might be possible 
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sslmli air tlir basic- source of food for 
»}i>- would population. In the develop- 
in* nl of in-w herbicides in cereals, Bri- 
! mi lias iil.ua! a significant part, 

Fnnu about 1 ‘Hfi the phenoxyacetic 
aruK. M(TA and 2, 4-D, developed by 
I«nit* it.il flln-niii-al Industries, weie ex- 
tiusurlv nsrd to control annual broad- 
hafrrl words in cereals, (see table 
below i. These ellemieals brought an 
end to the eulmnfnl cornfields which 
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trolled, so another, hitherto insignificant, 
becomes importanl as it flourishes in the 
less competitive environment brought 
about by the use of the herbicide. Wo 
cannot therefore expect a particular her¬ 
bicide to remain entirely satisfactory 
over the years. The resistant weeds will 
stait to multiply until a stage is reached 
when it will pay the farmer to use a 
new weed killer, perhaps in conjunction 
with the original one, or perhaps to use 
different herbicides in rotation. This 
pattern of development occurred in the 
weeds present m small grain cereals, 
particularly wheal, oats and barley, 


were, in fact, infested with yellow char¬ 
lock and red poppies and the yield of 
grain was mmkedly increased. However 
during the next decade the 2, 4-D re¬ 
sistant weeds, which had originally been 
of only minor importance, became more 
immctous because now they did not 
have to compete to such an extent with 
the other cereal weeds. Thus, weeds 
such as duckweed and cleavers not only 
had the effect of reducing the yield, but 
caused difficulties at haivest, often 
blocking the combine harvester. In 
1956 Boots Pure Drug Co. of Notting¬ 
ham discovered that the x-phenoxy- 
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propionic acids, mecoprop and dichlor- 
prop, gave control of these 2, 4—D lcsis- 
tant weeds so that again the cornfields 
had a low weed population. Then, 
during the next decade weeds until then 
less important became minacious and 
the fanner was once more looking for 
means to control these economically, 
This time an entiicly new class of com¬ 
pound, the hydroxybenzonitriles, such as 
ioxynil and bromoxynil, formulas I and 
II (Figure 2), were found to be effe- 



i k nr 

Figure 2 


haivested the clover ley is well esta¬ 
blished, A requirement for this farm¬ 
ing procedure was that the land should 
be clean so that weeds do not take 
the upper hand, but the chemicals 
mentioned above cannot be used as 
they are toxic to the legumes. This 
problem was studied by Professor 
Wain at Wye College and he thought 
that the minor variations in the enzy¬ 
matic processes occurring between 
plant species could be put to use and 
so improve the herbicide selectivity. 
ITe aigued from the well established 
fact that both plants and animals build 
up and utilise fatty acids, thus provid¬ 
ing a pool of energy These fatly 
acids are built up or degiaded in the 
living system in units of two carbon 
atoms by means of acetyl gioups 
, (Figure 3). Theiefore, if the side 


ctive, particularly if used in mixtures 
with the two earlier groups of com¬ 
pounds. The discovery of ioxynil and 
bromoxynil was reported almost simul¬ 
taneously from Wye College of Lon¬ 
don University, May & Baker Ltd,, 
Dagenham, England, and from Amchem 
in the USA. May & Baker later found 
that the higher esters, for instance bro¬ 
moxynil octanoate, formula III, (Figure 
2), were particularly useful in the Cana¬ 
dian prairies. Herbicides have played 
an important role in increasing the 
average yield of wheat in the UK from 
18.6 cwt per acre in 1940 to 31.7 cwt 
per acre in 1964, 

In many countries it has been found 
advantageous to giow legumes, such 
as clovers, at the same time as the 
cereal, so that when the cereal is 
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chain of the phenoxyacetic acids was 
lengthened by two caibon atoms, the 
plants would remove the last two car¬ 
bon atoms to liberate the toxice 2, 4-D. 
Thus, with 2, 4-D sensitive plants, 
those plants which remove the two 
carbon atoms efficiently will be killed 
by the liberated 2, 4-D wbeieas those 
plant species which have difficulty in 
accomplishing this reaction may only 
liberate 2, 4-D at such a rate that it is 
inactivated within the plant and so 
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»«• >< m! < Mentation of these compounds 
’* l^dile (Figure (i ) The prepare- 
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Figure 6 


i!«ui nf inxynil and bionioxynil is shown 
jii Figure 7, 
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before turning to other herbicides, it 
sin mid he {minted nut that the cost nf 
tin* herbicide is a vital factor and cnt- 
nnmif manufacturing mutes must he 
found if si new herbicide is to gel 
wide use. 'file preparation of phe- 
uoxyncetic and piienox>*propionic acids 
is .shown in Figure f>. The preparation 
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Figure 7 

A \ eiy impoitant discovery in the 
lrcibicide field was made by Imperial 
Chemical Industries, the full impact of 
which has yet to he realised. To 
establish the use of these compounds, 
the problems faced by the theoretical 
chemist, the process development 
chemist, the biologist and the agri¬ 
culturist would have daunted a less 
persevering company, or one with 
smaller resources, The series is known 
as the bipyritlyl group and two mem¬ 
bers lime been assigned the common 
names dir peal and paraquat (Figure 8), 


of the phenoxyacelie acid offers greater 
difficulties since the classical routes 
would be prohibitive. However, Urey 
can be made in very high yield by the 
reaction of the sodium salt of the 
phenol with butyrolaclone, so the com- 
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Figure 8 
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These materials are very soluble in 
water. When applied to giccm plants 
the bipyridyl herbicides cause rapid 
death. On the other hand, application 
to the dark or trunk of a tine causes 
negligible damage. Also, when these 
compounds fall on soil, they are. ab¬ 
sorbed with such tenacity that they arc 
completely inactivated. It will be. 
noted that these compounds are pyri¬ 
dine derivatives and so, from the 
manufacturing point of view, it was 
first necessaiy to establish an economic 
method of synthesising pyridine, the 
supplies fiom coal tar being inade¬ 
quate. It is expected that the paiuquat 
series will piovc to have the laigei 
outlet as many of the manufacturing 
problems have alicady been surmount¬ 
ed and this series has higher activity 
against grass species which are be¬ 
coming a more important weed 
pioblem. 

The suggested mechanism for the 
activity in the bipyridyl series is 
shown in Figure 9. where it will be 



seen that an election is lost from the 
molecule by 1 eduction to produce a 
charged free radical. It is believed 
that this compound is not harmful to 


plants, but on oxidation back to para¬ 
quat, hydrogen peroxide is formed which 
is highly toxic to them. The bipyridyls 
are, therefore, involved in vital process 
as far as plants are concerned photo¬ 
synthesis. The moie the plant utilises 
light, the more effective is the catalytic 
role of the bipyridyl, For this reason 
selectivity is achieved by limiting the 
availability of the bipyridyl molecule 
to the active site. The bipyridyls are 
used in operations such as destruction 
of foliage, for instance, to make it easier 
to harvest potatoes by killing the 
haulms, or to get rid of leaves to col¬ 
lect seeds. Even more important are 
mixtures where paraqua is used with 
a losidual herbicide so that on appli¬ 
cation to, say a potato crop before the 
shoots emerge, all seedling weeds are 
dcslioycd by paraquat and weeds 
coming up afterwards are controlled 
by the residual herbicide. Another 
largo potential use of these compounds 
is in the direct destruction of grassland 
and rc-seeding with cereals or prefer¬ 
red grasses at the same time. It is 
unnecessary to use the plough, the 
remnants of the undesirable grass pas¬ 
ture giving protection to the germinat¬ 
ing seeds. 

The manufacture and use of herbi¬ 
cides in agriculture increases year by 
year—in some countries the increase in 
production is 20 per cent per annum. 
There are many others m use and being 
developed. 

Great attention is paid to the possible 
effects on man, domestic animals, wild 
life and the countryside. Big advan¬ 
tages in food pioduction are obtained 
by ihe use of herbicides and it is to the 
industry’s credit that, even with exten- 
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extend the uses of a land vehicle to 
mu faces like the sea. 

The fact that Hoveicraft are now 
operating in numerous places with 
gioat success caused industry to give 
the air cushion principle a long, haid 
look and the air cushion now has some 
striking industrial uses. Hovercraft 
Development Ltd., for example, have 
come up with the idea of industrial 
lifting pads, a simple example of which 
consists of a fiamework to take the 


Air to the Rescue 


JAMI'S LAWRIE 


I F you had the mechanical handling 
job of moving a heavy load over a 
floor or surface which was too weak 
to support it, or if you had to move 
a heavy, awkward-shaped or a very 
delicate apparatus over an uneven 
surface, would you use a Hovercraft? 
Perhaps not of the sea-going variety, 
but you could use the same principle. 
A Hovercraft is a vehicle that moves 
a ‘cushion’ of air generated by the 


on 


craft itself; it floats on air, so almost 
completely eliminating friction. The 

cushion enables the ciaft to ignore un¬ 
even water or land surfaces. The 
British inventor, Christopher Cockerell, 
defined Hoveiciaft as an attempt to 


load, supported on four circular lifting 
pads each of which is simply a wooden 
base fitted with a fabric skirt and a 
single air feed. The skirt is shaped so 
that small changes in hover height will 
give increases in pad aiea and thus 
stabilise loads and offset uneven ground. 

Pads of 1 to 3 ft. diameter can be 
operated up to 20 lb/in a providing up 
to 2 in. giound clearance. The indivi¬ 
dual pads may be placed under con¬ 
venient positions at the base of the 
load, the factory aiiline supplying the 
pads The load can be manhandled m 
any' direction. The pads need not be 
circular and, under a framework, pro¬ 
vide a lifting platform. An experi¬ 
mental unit recently demonstrated lift¬ 
ed a 1 ton load three quarters of an 
inch above the ground, clearing 3/8-m. 
high obstacles for an air delivery of 
50 cfm at 234 lb/in 2 cushion pressure. 

The question of moving really heavy 
loads is under investigation and it is 
probable that 1 to 2 ton pallet units and 
2,0 ton containers may be lifted an 
easily moved by the air cushion method 
over normal factory floors and ships 
jocks. 

The Elliott Aeroglide conveyor 


From SPECTRUM 41, October 1967 
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1,1,1 k 111111 concrete products 
.hums, II,U sheets, pallets and trays can 
.(11 1 m lun.lletl and special "float” tables 

‘ 1 |lr “ " •>'* applied to aircraft and 

n|lnt vehicles, 

l-Ai’ii tin* medical profession has 
turned tn air cushioning. In cases of 
vwtr 1 mins the pressure of bedclothes 
and tin hods pressure from lying down 
tan lie painlul anti retard treatment, 
'In iiM-mune this and so help to speed 
tieatment and recovery of badly burn- 
ni patients, the National Research Dev¬ 
elopment Council is sponsoring the 
di'\rbipment of a hovi'rbcd in, or on, 
winch the patient is suspended on a 
(M’-liinii ni air, sealed on a narrowband 
tumid tlie body. 
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Colour in substances is nonmlly caused by the 
excitation of elections by visible light and the 
cncigy of excitation must he between specific 
levels if the substance is to possess colow. 
Dissipation of this energy occuis through 
(henna/ and chemical i cad ions which lead to 
loss of colour and breakdown of structure, 
railing, then fine, is a piocess inheient in the 
formation of colour and a coloured compound 
which will not fade is only a theoretical concept. 


Origins of Colour 

J\ JONHS 


A LTHOUGH many attempts to ex¬ 
plain the origins of colour on a 
scientific basis have been made, since 
William Henry Perkin, working at his 
home at Wembley in 1856, discovered 
and exploited the fust synthetic dye— 
mauvein-Iittle fundamental progress 
was made until the 1930—19*10 era. The 
first break-through occurred with the 
development of the theory of the dec- 
tionic structure of matter and the 
second came in the 1940’s with the in¬ 
vention of continuous recording photo¬ 
electric spectrophotometers which al¬ 
lowed a rapid quantitative assessment 


of colour to be made. 

In ordei to study the phenomenon of 
colour it must be lealised that when 
white light, which is composed of all 
the cobins of the spec hum, falls on an 
object some of tlie light is absorbed and 
the remainder is reflected or transmitt¬ 
ed. When this absorption process is 
.selective the light entciing the eye will 
be deficient in certain wavelengths and 
the colour of the object as seen will 
depend on the wavelength(s) of the 
light absorbed. Why, then, should some 
substances absorb light in a particular 
region of the visible spectrum and othei 
substances absorb light in a different 
region? 

To answer this question we must con¬ 
sider two points of fundamental impor¬ 
tance. Firstly, the light absorbed has 
an associated energy and this energy is 
directly related to the number of waves 
per cm of space or inversely related to 
its wavelength as shown in Table 1. 
The result of this energy absorption is 
to cause an electron in the molecule 
to "jump” to a higher energy level, a 
process known as a transition. When 
the molecule as a whole takes up tlris 


From SPECTRUM 51, 1968 
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to oilier molecules in tlu* form of heat 
or chemical reaction, or by re-emitting 
part of the energy as fbureseence or 
visible radiation, The .second point of 
importance is that the value of tlu* en¬ 
ergy difference between the ground and 
excited states will determine the wave¬ 
length of the light absorbed by the com¬ 
pound and in the simplest cases deter¬ 
mine its colour. 

The absorption of specific light wave¬ 
lengths can be obtained quantitatively 
by measuring the intensity of light at 
each wavelength which passes through 
or is reflected by a sample of the mate¬ 
rial, using a spectrophotometer. The 
curve relating the intensity of trans¬ 
mitted or reflected light to the wave¬ 
length is referred to as the absorption 


Following this principle that the em 
eigy absorbed is inversely related to 
wavelength it can be seen that the en 
ergy absorbed by the red dye will be 
less than the energy absorbed by the 
yellow dye since the latter absorbes at 
shorter wavelengths, i.e. in the blue re¬ 
gion of the visible spectrum, These 
spectra arc comparatively simple since 
only one peak occurs the explanation of 
the origin of absorption peaks becomes 
more difficult since we must be certain 
that any' explanation is assigned to the 
correct peak. 

Both inorganic and organic com¬ 
pounds can exhibit colour where elec¬ 
tron excitation gives rise to energy dif 
ferences associated with the energies of 
visible light. 
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Figure 1: Absorption spectra of a yellow 
(A) red (B) and green (C) dye solution 


inorganic COMPOUNDS 1 

A 

Although largo numbers of inorganic 
salts such as sodium chloride aie colour¬ 
less they do possess absorption spectra 
but these occur in the ultra-violet re¬ 
gion of the spectrum since the excita¬ 
tion energy of the cation or anion is 
very high, The energy required to ex¬ 
cite or remove the electron in the ne¬ 
gatively clanged halide, anion, for ex¬ 
ample, is much less than that required 
to remove an election fiom a cation 
such as a sodium ion and, although the 
absorption peak is situated at longer 
wavelengths, it is still in the ultra-violet 
region. This type of spectrum is found 
also with the oxides, halides and sul¬ 
phides of a large number of heavy 
metals where the absorption peaks are 
attributed to the transfer of an electron 
from the oxide, halide or sulphide anion 
to the sphere of influence of the neigh¬ 
bouring cation. When these intense 
peaks extend into the visible; region of 
the spectrum the compound becomes 
moie or less intensely coloured. The 
red colour of vermilion (Ilg S), the 
yellow, orange or brown ochres of iron 
oxides, the yellow of cadmium sulphide, 
Naples yellow (antimony oxide) and 


• the yellow of lead chromate aie all at- 
' tidinted to the election tiansitions of 

• this type. In Figute 2 the chaige trans- 
Tci spectra of a series of cobalt deriva- 
■ lives containing halogen atoms are 

• shown. The peaks are situated in the 
u v legion, but the bands are progres¬ 
sively displaced towaids longer wave- 

.. lengths as the halogen is changed from 
' fluoride to iodide. This displacement 
, indicates that the tiansfer piocess is 
.iikhc easily achieved in the case of the 
largci halogen atom, since the valency 



Figure Z: Absorption spectra of cobalt 
halide derivatives. 


electron is more easily transfened when 
the distance between the election and 
the nucleus in the halogen is greater 
and a larger numbei of inner screening 
electrons intervene. 

The less intense peaks shown in the 
visible region in Figure 2 are explained 
by an absorption mechanism known as 
a d _> d transition. This type of tran¬ 
sition or excitation process generally oc¬ 
curs at longer wavelengths than charge- 
transfer transitions since the energy re¬ 
quirements are less. The colour of a 
large number of metal complexes of the 
transition metals including titanium, 
vanadium, chromium, manganese, iron. 




v ini'll M If *»< 1 M rit MIIUl/lIH 1 MBJH 19(58 


<mWH, rti< V<! and r derivatives, 
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iiuanged around flu* nuelms m trit.iin 
pnhrml dimliiuts m spaer. If w 
tonsidtr the nut.il inn a*, a splint* and 
its mam av*% as llmv mutually per- 
in ndieular hm*s originating at its mitre 
tlvtli flu* preferred direction nf three of 
tin* d-orhil.th lit* between these main 
av.s and tin* other two along tin* main 
axes, We cannot consider die metal 
eatiuii in isolation, however, either in 
the solid form nr m solution the ration 
is surrounded by negatively chatged en¬ 
tities such as halide anions or iroluri- 
sablc groups such as water. These 
groups interact with the ration by oiien- 
tation along the axes. Since the groups 
of ligands as they are known, possess* 
an actual or potential negative charge 
the interaction between the ligands and 
the d-electrons lying between the* main 
axes will he different from the interac¬ 
tion between the ligands and the d-ele- 
ctrons lying along the main axes. There 
are thus two ground states of different 
energy. This splitting of the ground 
state energy level occurs when there, 
are one, four, six or nine d-eleetrons. 
An ion with two, three, seven or eight 
electrons 1ms three possible level in the 
ground state. It is therefore, possible for 
an electron to he transferred from one 
ground stale level to a higher ground 
state level. Where there are two possi¬ 
ble levels one absorption band will be 
found and where there are three, two 
absorption bands are possible. Other 
bands which can occur are attributed 


to d „ d transitions from ground states 

to r\t itrd states. 

In a simple ease we can illustrate d- 
d transitions m the .spectra of copper 
m toppir sulphate solutions and in 
i npi.iiinnonium hydroxide solution, 

I Figure T! CaiSo, crystals and the 
(V < ion in water are pale blue with 
an absorption maximum lying in the 
mfi.r-ied. The stronger ligand field of 
the nmminu (Mia) gioups in the cupra- 
mmonniin ion in comparison rvitli water 
moleuiles causes the d_>d transition 
to incur in the yellow legion and the 
n siillant colour (Table 1) is blue violet 
and more intense. In contrast, the in¬ 
fluence ol the sulphate ligand in anhy¬ 
drous copper* sulphate is weaker than 
that u( water and the absorption is en¬ 
tirely in the infra-red legion and this 
substance is colourless. 



ORGANIC COMPOUNDS 

The colour or lack of colour of orga¬ 
nic compounds is strongly dependent 
oil the molecular structure since elec* 
tron excitation in the visible region of 
the spectium only occurs with certain 
atomic configurations. These are com- 
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pounds containing an extended system 
of conjugated 01 cliromophores can be 
seen in Figure 4, Some of the elec¬ 
trons pm talcing in the double bonds 
aie more easily excited than the elec¬ 
tions associated with the single bonds, 
since the former me non-loeaH.sed and 
their- distiibution extends ovei the 
length of the conjugated system both 
above and below the plane of the mole¬ 
cule. As can be seen fiom Figure 4 
the effect of extending the length of the 
conjugated system is to shift the 
absorption peaks into the visible 
region. There is however a limita¬ 
tion in that as the conjugated sys¬ 
tem is lengthened, the wavelength dis¬ 
placement becomes smaller and the 
absorption peaks do not cover the major 
part of the visible spectrum. Even 
with structures such as—carotene, the 
colouring matter in eauots, where there 
are as many as eleven alternating doub¬ 
le bonds, the colour still remains yellow. 
Fortunately for the colour chemist there 
are a number of other conjugated sys¬ 
tems which can be utilised as chromo- 
phores. One of the most important is 
the azo chi omophor o which consists 

essentially of benzene or naphthalene 
rings (m themselves conjugated) link¬ 
ed together through azo groups, i.e. 
a system of double nitrogen-nitrogen 
bonds. These give rise to intense abs- 
oiption peaks and when multiple azo 
groups are present (Figure 5) the col¬ 
our extends over the whole of the visi¬ 
ble spectrum. 

The piesence of hydroxyl (OH) 
groups in the compounds shown can 
modify the intensity and position of the 
bands since the oxygen of this group 
and also nitrogen and sulphur atoms in 


amino (—NFL) oi mercapto (— SH) 
gi oups when present contain easily ener¬ 
gise d electrons which can take pait in 
excitation transitions 
In all these cases we have, then this 
basic idea of a non-localised electron 
cloud extending along the conjugated 
system. The interaction with the elec¬ 
tric vector of visible light causes oscil¬ 
lations to be set up within this negative¬ 
ly charged cloud vciy much like stand¬ 
ing waves on a vibiating stung. Using 
the vibrating stnng analogy, equations 
representing each harmonic or standing 
wave aie known. Similarly, an equation 
for each standing wave in the electron 
cloud can be obtained and from these 
equations the highest energy level in 
Lhe ground state and the lowest energy 
level associated with the excited state 
can be obtained. Fiona the difference 
in these two eneigy levels it is a simple 
matter to calculate the wavelength of 
the absorption peak situated nearest to 
tile low energy (red) end of the spec¬ 
trum. Wheie this has been clone, good 
agreement has been found between cal¬ 
culated and experimentally determined 





Figure 4: Structure and spectra of 
dlph»nWpolVM>**< 
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Figura 6; Structure and spectrum of 
copper pKtKelocyanlne. 


values in both linear conjugated sys¬ 
tems anti cyclic conjugated systems such 
as cupper plitlialuciyanine, u commer¬ 
cially valuable blue pigment the stru¬ 
cture and spectrum of which is shown 
in Figure, 0, 

Alongside this standing wave of free 
electron theory of the origin of colour 
there are two other main theories. These 
aie the molecular orbital theory and 


s.ibnc 1,mill theory. Former which is 
h - * *1 "» the combination of atomic 
'■ilutaK to give molecular orbitals, and 
*?"• 1 »ft* i vdutli is rnoie concerned with 

*blf. o in tome states existing in organic 
u.mpomids agire quite closely when 
MiJiph- mold till s ,ue considered. For 
mote toinphx molecules, not even as 
i mnphx .is the ones we have been con- 
udi iimt simplifications and assumptions 
have to be made if agi cement between 
ibi onlic.il and piaetieal results is to be 
iound. 

The pieseut-ilay theories of the ori¬ 
gins of lolonr have been developed by 
the pains taking work of many scien¬ 
tist-.. Among others in Britain the work 
oi I’mftssor Orgel (Cambridge), Pro- 
fessoi 1 )i war and I)r A. Bora way (Man- 
theslei* sin mill not go unmcntkmed, 
\otable enntiibulMiii.s have also been 
made In I’lofessors II. Kubn (Ger- 
manv) and \\\ Feitkueelit (Switzer¬ 
land !. 
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Why should the Haitli have a Iwt, molten core? 
Most astiommieis and geologists have genet ally 
believed that the reason ii somehow connected 
with events in mu planet's hhtoiy which occurred 
long after its fust formation. 


Were the Planets Hot 
from the Start 


of gravity. Up till now, it has been 
generally agreed that this cloud of gas 
was cold and so the planets were form¬ 
ed as cold objects when they condensed 
out of it. The fact that the Eaith has 
a hot, molten coie, according to this 
established concept, is due to events 
since it was formed. 


A CCORDING to ‘orthodox’ theory, 
A. the Earth and the other planets 
were formed in a relatively cold state 
and have somehow got warmed up 
since. At one time aslronomeis thought 
that the planets were formed when 
another star came too close to our own 
Sun and pulled a great streamer of gas 
out of it, which later solidified and split 
up into the planets. But today most 
people believe that no other star had 
to be involved. Both the Sun and the 
planets were foimed when a huge cloud 
of gas contracted under the influence 
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To nit astronomer somewhere else in 
space, the cloud would thett lmxe look¬ 
ed it vny Urij^ht Mar ami Hoyle points 
out tluil this is a familiar stage iu the 
life Histoty of stars as* observed from 
Karth, their so-called over-luminous 
phase, At this stage the speed of the 
imvurcl collapse would increase and as 
the cloud shrunk, so it would have mint 
ed faster and faster-jtist as nu ice-skater 
spins faster and faster if she draws her 
arms in. During this spinning, .some¬ 
thing like five-sixths of the original mass* 
of the cloud was thrown out into .space 
and lost. 

Out of what was left, the planets were 
framed. Not immediately — the rapid 



0'" -* is, u;</r jt/.iHi h—Sufuui, j having llie 
thutai it mite rings 

'jiioo-oe. iitst math* the contracting cloud 
d gas vpo ,»d out again, into a disc 
about do- si/e ol the present solar sys- 
u oi l In noli r t tlge of the disc would 
haw hi i o ipiite t old hut the centre 
would siil! h,ue been above a thousand 
di cm is i nitigiude. Out at the edge 
ni lie- spuming disc, oxygen and nitio- 
g» n would litpielv in the cold and 
• at I mo dioxide would turn solid, which 
is vs by attonlmg to Professor Hoyle, 
\ inutis amt Neptune seem to be made 
nl pteuseh those materials. 



One oj the planets oj the Solar System 
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Towards the* ccuhv at the disc, mag¬ 
nesium oxide, silica and mm Mould 
have condensed and so we find dial the 
inner planets, especially Venus and the 
Earth, contain most of the iion in the 
whole solar system, 'flic thorny also 
explains something which used to puzzle 
astronomers, winch is why nearly all 
the iron m the Emth is in the middle. II 
the Earth was cold when it was ionn- 
ed, then the iron would have been 
haul and solid and as Pvofessoi Hoyle 
points out, it is difficult to understand 
how that iron could have managed to 
sink though to the centre. But if the 


non was collecting at a high tempera- 
tme, in a semi-molten plastic slate, then 
U is much easier to understand how it 
flowed into the middle. We still have 
to explain how the hot Earth managed 
to collect volatile compounds and gases, 
such us watei, caibon dioxide and ni¬ 
trogen. Accoiding to Hoyle, this hap¬ 
pened later. As the cloud of gas finish¬ 
ed its eontiaction into the Sun we know 
today, the Eaith and the other planets 
aiound would have cooled down and 
as Hoyle puts it, would have mopped 
up’ any debris. 


t 

- ENGINEERING DRAWING 

A Textbook for Technical Schools 

by 

K, S, Rangaswaml 
G, L. Siaha and 
D. N. Sarbadhikari 

Crown quarto pp 151, 1967 Rs. 4,40 

Intended for beginners in the age-group 13-17 years, who are studying 
engineering as an optional subject in multipurpose higher secondary 
v schools or for students in technical schools. Aims at (1) presenting an 
$ over-all view of the major areas of engineering drawing practice without 
$ entering into specialized details, and (2) training students to develop a 
■fr moderate skill in making engineering drawing. 

Available from. 

j Business Manager, Publication Unit 

? National Council of Educational Research and Training 

71/1 Najafgarh Road, New Delhi 15 






Classroom 

Experiments 


Experiments fhr Demonstration 
of Different Thermal Conduct - 
it it) in f acinus Sahstunros 
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I i»»i< nt <4 Siiciir'- Kdm ,<ti"n 
NC'KHT, New IVHh 


J J.Hf "is-i ‘In y nro heated at their other 
‘Vf '.'..tii the help of a burner. Phos- 
j *«>.!.■! - r «‘< Jn i the in the copper rod first 
ff -<21 ns the iron last of all, Ty s 
* Mill,. Ill 'how,, that out of the four 
•! . r "| t‘f i j<: the best conductor of 
h* <t :ui‘l non u the least connuctor. 

fMaiuh.mda and Gupta, 1965 ) 



I K the teaching of school physics it is 
desired to demonstrate the fact that, 
'Thermal conductivities of different sub¬ 
stances differ from each other. For this 
purpose the following experiments, 
along with others, are usually described 
in textbooks and are .sometimes clemon- 
sltated to students; 

Experiment No. 1 

The apparatus to show different con¬ 
ductivities of different metals consists of 
four metal rods of brass, zinc, lion and 
copper. These metal rods are fitted in a 
wooden ring, as shown in figure 1. At 
one end of each rod a piece of phosphorus 


Ex penmen f No. 2 

We t’iin compare the conduction of heat 
m different metals by taking two rods, 
one made of copper and another made of 
steel, and repealing the above experi¬ 
ment 1 . The arrangement is shown in 
figure 2, with iron nails fixed on both 
the rods, The common terminal is heated 
by a spirit-lamp. When heating is con¬ 
tinued the wax melts and the nails start 
falling. The iron nails start falling from 
the copper rod much sooner than from 
the other rod. This experiment shows 

•This refers to the experiment of heating 
one end of n metal rod with nails stuck; 
on it with wax. The nails drop one by 
one starling from the hot end, demons¬ 
trating conduction of heat along the rod, 


Ihis is part 2 of this article “A Precaution for Designing Single Experiments in 
Science," published in School Science, March, 1067. 
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that copper is a bettei conductor of heat 
than steel 

(NCERT, Physics 19681 



Figure 2 


Comments on Experiments 1 & 2 

Let us consider these experiments in 
the light of the following precautions 
postulated by the authoi cailicr (Ved 
Ratna, 1967): 

In every experiment the observation 
that we make (or demonstrate to stu¬ 
dents) is affected not merely by the phe¬ 
nomenon that we want to study or de¬ 
monstrate, but also by several other fac¬ 
tors The conditions of the experiment 
must be so controlled that the desired 
phenomenon is ihe dominant factor. If 
the conditions of the experiment are not 
so controlled then the experiment is in¬ 
valid and a poor demonstration, how-so- 
ever spectacular it may be. 

In the above experiments the velocity 
at which heat appears to progress along 
a lod (in fact the velocity at which 
the ignition temperature of phosphoious 
or the melting point of wax progresses) 
depends upon: 

i) co-efficient of thermal conduc¬ 
tivity K of the material of the 
rod, 

ii) specific heat S of the material 
of the rod, and 

ui) density D of the material of the 
rod. 


Mm cover, all these factors are equal¬ 
ly impoilant, and it is the expression 
K/SD which matters. It is called 
Theimal diffusivity'. 

A compicbensivc study of the text- 
hooks mentioned in the ieferences and 
also of syllabi of various Boards of 
Education in India reveals that it is 
the co-efficient of theimal conductivity 
which we later on emphasize. We do 
not want the students to worry about 
thermal diffusivity at school stage, None 
of these books makes any reference to 
thermal diffusivity. 

Therefore, there is no doubt that 
when we talk to students about the 
above two experiments and use words 
like ‘conductivity of a metal' or ‘con- 
ducling powei’ or “thermal conduct¬ 
ivity”, or “power of a substance of 
conducting heat”, etc. we mean the co¬ 
efficient of thermal conductivity, K. We 
want the students later to identify the 
eo-efficicnt of thermal conductivity with 
whaLcver concepL students form by 
these words while studying these ex¬ 
periments. 

Experiment 2 described above is 
usually performed by taking rods of 
copper and iron. Product of specific 
heat and density for these two metals 
is nearly equal (Cu 0 809, Fe:0.826). 
Thus the velocities at which heat ap¬ 
pears to progiess (i.e, tempeiature pro- 
grosses) along the two rods predomment- 
ly differ due to diffeience in their co¬ 
efficients of thermal conductivity. But, 
because while performing this experi¬ 
ment this point is not emphasized, it 
gives the wrong impression that ther¬ 
mal conductivity is the only factor in¬ 
volved. There also exist several pairs 
of metals in which thermal conductivi- 
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4S * \|H mill llts 1 <ft 2. 

/7h Unproud Experiment 

} IJ-, uni. Ilf Yn •! 

T,tk<* twu t \ hudrit ,tl M‘sm Is nt itlcnti- 
t,»I dimensions, shape mid wall-thick¬ 
ness. 'Ilav have glass walk and bases 
nf different metals. 'lake equal amumds 
nf a volatile liquid, like spirit ill them. 
Put them simultanemisly in a trough 
or beaker which contains hot water m 
nil. 'I hey dip only a little in the hut 
water. The hut water is stirred intermit¬ 
tently tn maintain uniform temperature 
throughout its volume, Thus the out¬ 
side temperature of the bases of the tsvo 
cylindrical vessels is maintained nt the 
same high tempeiature. The volatile 
liquid in one of the vessels begins to boil 
emlier .showing that the material nf the 
hast* of this vessel has greater power of 
transmitting heal from its outside .sur¬ 
face tn inside by conduction. 
Constructional details of the apparatus 

The trough of hot water has a lid 
and the vessels are fitted in the lid so 
as (i) to facilitate putting them simu¬ 
ltaneously in the trough, (ii) to facili¬ 
tate dipping their bottoms equally in 
hot water, and (iii) to eliminate beat¬ 



ing ui glass walls of the vessels by 
s.qKiurs of but water. The stirrer passes 
tlnough a bole in the lid and is given 
.i nitatms movement in a horizontal 
plane bemuse hot water in the tiougliis 
shallow. The metallic bottoms of the two 
vessels can be removed and shown to 
students to lie identical in shape and 
sue and then fitted water-tight into the 
vessels with the help of rubber gaskets. 
It is prefeiable, though not necessary, 
that the two cylindrical vessels also have 
litis on them to eliminate cooling of the 
volatile liquid by evaporation and thus 
to perform the experiment quickly. 

At this point it will be relevant to 
discuss the following experiment also, 
which is commonly demonstrated to 
students. 

Expn intent No. 4 

Good and bad conductors: Take a rod 
of wood whose one end is filled into a 
brass lube of the same external diameter. 
Wrap a piece of paper round the junc¬ 
tion of wood and brass and hold it over 
a flame as shown in figure 4, It will be 
soon that while the portion of the paper 
in contact with the wood is scorched, 
that in contact with brass is not. This is 
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due to the fact that binss being a good 
conductor, conducts away heat moie 
quickly than wood, 

(Puri 1902 and 
Pmi and Mat Inn- 1062) 



It would appear at tlie first instance 
that the comments made above for ex- 
pemnents I & 2 also apply to experi¬ 
ment 4. But expeument 4 is used only 
to demonstrate the broader concepts 
'Good Conductoi” and “Bad Conductor”. 
If this experiment was to be used 
foi demonstrating the difference be¬ 
tween two conductors (c g. brass and 
non), it will neither succeed when, per¬ 
formed before a group of students, nor 
will it be valid according to the pre¬ 
sent discussion, 


Convct fonn of Expei iment 2 

Stewart and Don (1917) have split 
up the experiment 2 into two parts 
which gives a very dear exposition of 
the concepts involved as follows: 

Two bars of different metal, but of the 
same size and shape, and having an ex¬ 
actly similar surface, are placed, end to 
end, as shown in figure 5, To the under 
surfaces small wooden balls are attached 
by wax at, equal distances along 
the length of the bars, which are then 
heated at their contiguous ends As the 
heat is transmitted along their length, 
the wax melts and the balls drop off m 
succession Now the first ball will drop 
off directly the temperature of the point 
at which it is attached becomes equal to 
I he melting point of wax, and, provided 
the distance of this point from the source 
of heat be not too great, the time requir¬ 
ed for this to take place depends not only 
on the conductivity, but also on the spe¬ 
cific heat of material of the bar; because, 
the lower the specific heat of this mate¬ 
rial, the greater will be the rise of tem¬ 
perature produced in a given mass of it 
by the heat supplied in a given time. Tor 
this reason the balls may begin to drop 
off first from the bar which has the lower 
specific heat, but the greatest number of 
balls will ultimately drop off from the 
bar which has the greater conductivity; 
because, the greater the flow of heat 
along the bar, the further will the rise of 
temperature necessary to melt the wax 
be transmitted 

If we take two small cylinders, of 
equal length, one of iron and the other 
of bismuth 1 , and, after having coated one 
end of each with wax, place the other 
end on a hot copper plate, it will be 
found, that if the cylinders be not too 


iThis part of the experiment, when tried 
practically, is more effective with iron 
and lead. 
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ts <’5<f <1 * .p„ 'tv ' 1 45iI I * SMl'Il 1 1 
is m!i !< , t! i" «f ’In' »ji>h, imi 
■OI'l-Uj H l« 1(101.• 11,111 r In MM' 

'Ih*' "i li-p* i i'iiii' i.f ’!*■ imi, ‘Djii.ii)’!) ,i 

i'hhi !.*ii(;i” uf {i-Hijx r.ituri- !li,in it dm-, 
*n nit,- lis hivilli llirotii'h ih«- samt- 

tIi* ln*«*, ;isSliniif:li ilii” hi-.tl liatr - 
mill''I along ihe hr inu’ti in Ii-.s di.iii 
Ilia! along Him iron. tlu* ti:;c of Ii*ntpmt> 
Mill- (if mini i d in Hu- former h greater 
When. however, tlu* permanent state is 
•iMaini'il a hi*', tier quantity of hi-.il will 
In* transmitted ihrniuili Hn- iinn than 
through tin* hi* ninth. and the ti-mperu- 
lun* tif the upper end uf tlu* iron cylinder 
will ultimately lie the greater. 

This description by Stewart and Don 
(1917) is obviously free from the cri¬ 
ticism raised by the author, lint it is a 
hit complicated for the comprehension 
of 12-13 years old .students. Similarly, 
Cl. 1., Dalta (1931) 1ms mentioned the 
following caution, which eliminates the 
criticism raised by the author: 

CAUTION; The quickness with which 

x By this is meant ‘the cylinder of bis¬ 
muth’ here 



'.in- ft 


Hv v* as n.eil; is no sure guide to con- 
<5'i«-V. sly. fm it depends not only on con- 
dai'ivi'y hut at-ii on the specific heat, 
lii'iu i“, lengths should be measured when 
".hi” w.ix ee.ee to melt. 

Uut mifiithUMtely some authors have 
le t taken any can* of being accurate 
m their deseription. 

(‘ruu/usifin 

It may be eoueluded that demonstia- 
tii.ii of tbeimal conductivity is just one 
example. Thm* may be many more 
e\peiimeiits in our science books and 
tunieula which need deep thinking in 
tins manlier. 'I he precaution foi design- 
ini' demonstration experiments stated 
above is of basic impoitance in the 
building up of correct concepts and of 
scientific attitude among children. 
Though this precaution seems to he 
so obvious from the principles of logic 
that it seems unnecessary to discuss it at 
Midi length; it is an unfortunate fac' 
that we sometime lend to forget it 
when we zealously work upon designing 
a simple and spectacular experiment. 
This precaution is all the more impor¬ 
tant at the present time when we are 
revising our science curricula in India. 

Acknowledgement: The author 
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T N New South Wales, in 1965, a new 
*■ type of integrated science course 
was introduced into the Higher Grades 
of the Secondary Schools (New South 
Wales Department of Education 1965). 
This course tells the story of the total 
environment of man through the his¬ 
tory of the universe from its origin to 
the present day. It also describes the 
process of discovery and understand¬ 
ing of the major events in this history, 
ft is thus a quite revolutionary approach 
to science curriculum and has attracted 
international attention. 


v W/* ant! Science Education in Nor 

W/, Waits 

Tim ■mtnndary schools in New South 
" •<!»' are organised as follows, There 

.i hmr war < our sc leading to a school 
<< rtrfii ate, It follows seven years of 
finnan School and caters for pupils 
.und U to 1.1 years, so is approximate 
h i quivnlrnt to Indian Middle Schools, 
(ompnKory schooling in New South 
Wah s extends to age 15, 

During the four years leading to the 
ht h<*ol Certificate, there is a compulsory 
muse of integrated science (chemis- 
Us, physics, biology and geology) for 
all puphs, taught at four levels catering 
fur the qunrlilcs of ability and interest, 

It requires 6 periods per week. 

The last two years (5th and 6th 
forms l lead to the High School Ccrti 
fuate, Increasingly large numbers of 
pupils continue after age 15 and almost 
SOT nf fourth from pupils continue into 
fifth, lire Iliglu-r School Certificate can 
give University matriculation at age 
approximately 17 years and so 5th and 
ffth forms in New South Wales are ap¬ 
proximately equivalent to the Higher 
Secondary Schools in India. For the 
Higher School Certificate five subjects 
arc taken, but Science is not compul¬ 
sory. Approximately 70% of pupils, 
however, take science, Science is arrang¬ 
ed in four alternative, programmes cater¬ 
ing for differences in ability and interst, 
Three of these arc tightly correlated 
programmes of predominantly physical 
science with optional strands of either 
biology or geology, Ono programme is 
11 periods, another 9 and the third 6 
periods per week. The fourth pro¬ 
gramme (six periods per week) is the 
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course of environmental science. This 
has been designed as a terminal pro¬ 
gramme foi people who show interest in 
science bill who do not wish to study 
science at University. These people 
could include future students of Ails, 
Law or Economics or those who may 
not wish to proceed to university but 
to programmes of teacher education or 
alternative tertiaiy training. 

The course is an attempt to cater for 
people who normally turn away fiom 
science. It is dehbeialely aimed at ap¬ 
pealing to pupils basically interested 
in the humanities, By closing this gap 
it is hoped that science will now be 
available in some suitable and attrac¬ 
tive form for all students in New South 
Wales. The course has been in opera¬ 
tion now for three years and it is 
popular and successful. Increasingly 
large numbers of pupils arc taking the 
programme and are responding well 
to its challenge. The following account 
of the course is based on an article 
that has been published elsewhere 
(Meyer, 1967). 

Why Science for All P 

Pupils at age 15 going on to Higher 
Secondary School may be given all 
sorts of advice. This is the time that 
decisions must be made about subjects 
that will be studied for matriculation, 
A friend may say “Science is dull and 
hard, you would be vciy foolish to go 
on with more Science”. A relative may 
say, “Boys should do Science, girls 
should take History or Music or Art 
instead”. Another relative may say, 

What’s the use of taking Science any¬ 
way? You’re not going to use it when 
you leave school”. Still another person 


may give advice to “study Science at 
school and then do Medicine at uni¬ 
versity and earn lots of money”. All 
this is bad advice. 

In the first place, Science isn’t dull; 
it can be deeply interesting, even 
exciting, secondly, in spite of the pes¬ 
simism of the friend who said Science 
is hard, it is certainly no harder than 
many other subjects. Then the fiiend 
who said gnls should avoid Science 
was way off the track. Quite apart 
from the fact that there are and have 
been many famous women scientists, 
today all women need to know about 
Science if they are to be good house¬ 
wives and good mothers. This is also 
part of the answer to the friend who 
said that science won’t be used after 
leaving school. 

Today everyone needs to know about 
and understand Science, and the more 
they know and understand, the more 
meaningful and more worthwhile will 
be their lives. Knowledge and under¬ 
standing of Science deepens our know¬ 
ledge and understanding of ourselves 
and our enviionment, and so it en¬ 
riches our lives. Science is not just for 
the few, it is for everybody. This is 
why the advice to study Science at 
school only for the reason that later on a 
pupil will be able to become a wealthy 
doctor is a bad advice. It is encourag¬ 
ing the study of Science for the wrong 
reasons, 

Of course it is necessary to know and 
understand about science to be a. doc- 
toi, or indeed to be an engineei, a 
nuclear physicist, a biologist, an archi¬ 
tect, a modern fanner, a veteiinarian, 
a dentist or a pharmacist; but to take 
science at school only because later you 
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Of course, it is tme, that sonic pen- 
pie ate 1 ictter at Science than others 
Sonic esjieetnlly excel in tlie logical 
precision of the mathematical argu- 
nients used in say nuclear physics, or 
genetics. On the other hand for 
others, this aspect causes difficulties. 
This difference has been catered for in 
New South Wales in the fifth and 
sixth form programme by having the 
syllabus arranged in the various levels. 
Students good at Science, liking anti 
dumg well in mathematical aspects, 
usually take the more specialized 
courses. 

For tlu* remainder there is the course 
of Environmental Science. This sylla¬ 
bus does, of course, include, some 
Mathematics. It would be question¬ 
able if it could be called a science 
programme if it did not, but this 
mathematics is kept to a minimum and 
what is requited is an ability to think 
quantitatively rather than work through 
the steps of intricate mathematical 
problems. 


Tin- fact that some people compare 
fi'i ly able to understand quantity 
ti\r sc mu c than others does not mean 
Sliat tiny arc, in general, less able, 
lb. v may excel m Ait or English or 
Hist my or Foreign Language; in fact 
tln\ may be much better in these sub- 
jec is than some of their friends who 
always beat them in Mathematics or 
Si i< nee. The environmental course is 
ib signed just for these people, and it 
is possible (I’m not sure about this) 
that these people are in majority. The 
course caters for people who are pro¬ 
bably better in the humanities than 
they are in tbr sciences, It is not an 
inferior course, it is one catering for 
a different type of ability. 

It is this course that is especially de¬ 
signed to enrich understanding of our¬ 
selves and our environment, It is a 
com sc designed for everybody. 

Content of the Course 

The information in the syllabus is 
unusual. It presents a panorama of 
both the history of the universe, includ¬ 
ing the biological history of man, and 
the history of man’s scientific explora¬ 
tion of his total environment. The 
syllabus tells a continuous story from 
the beginning of time, from the origin 
of the universe, through the story of 
the stars and the formation of planet 
earth, tracing the history of the planet 
to the time the. life began. 

It then follows through the history 
of living things on earth, especially tire 
history, of man and, finally, develops 
the story of man's gradual mastery of 
his environment to the point where he 
is today — on the verge of engineering 
himself and his environment to moulds 
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of his own choosing. This is powerful 
stuff. There is detail to be learnt, to 
be sme, but thus detail is theic only to 
establish and reinforce the big con¬ 
cepts that explain the sloiy unfolded 
by the coin sc. Those concepts include 
“the naluio of matter”, “the origin of 
life”, “the concept of energy”, “the 
cycles of eiosion and deposition”, "the 
pio cess of evolution”, “the modem tools 
of science and technology”, “the yninci- 
ples of conservation” and so on. Under¬ 
standing of these big concepts helps 
us understand both ouiselves and our 
relationships with others and with our 
natural and man-made suiroundings, 
Understanding leads to greater con¬ 
trol, deeper understanding and greater 
mastery of ouiselves and our environ¬ 
ment is a key to successful, happy and 
enriched living, 

Habits of Thinking 

The syllabus encourages habits of 
thinking that should hold good for all 
situations and thioughout life. Undei- 
standing involves the ability to compre¬ 
hend knowledge, that is to recognise 
knowledge in new situations, different 
but similar to the situation in which 
it was first learnt. Understanding also 
involves the ability to apply knowledge 
to new situations. It also involves the 
ability to analyse information — to 
identify parts, to recognise the way the 
paits are connected or inleiact together 
and to identify the principle or princi¬ 
ples that hold the pails together, 
Understanding also involves the ability 
to synthesise information; to put paits 
togethei in a new way to create some¬ 
thing that was not there before. 

Finally, understanding involves the 


ability to evaluate information — to 
judge the value of materials and me¬ 
thods foi specific puiposes. The con¬ 
cepts of this course must be understood, 
not just learnt off by heart, and the re¬ 
lationships between them must also 
bo understood and not be leamt 
off by heart. The syllabus lequiies 
training in the comprehension, applica¬ 
tion, analysis, synthesis and evaluation 
of knowledge. These me the skills 
lhal aie used to gam understanding of 
any problem — whether it be the 
causes of radioactivity or the problems 
involved in choosing the appropiiate 
sort of cake-mix at the local super¬ 
market. Of course these sorts of 
abilities should be developed in any 
school programme, but the focus on 
concepts in the couise of environment¬ 
al science, especially encouiages their 
development. 

Emphasis on Solving Problems 

The course places emphasis on the 
methods used to solve problems, me¬ 
thods that hold tiue equally for a 
scientific investigation or for solving 
day-to-day problems in home 01 office. 
I would like to quote from the Pream¬ 
ble of the syllabus itself — “There 
should be emphasis on the methods 
and techniques of science investiga¬ 
tion ... Students should understand the 
need to distinguish between observed 
fact and hypothesis with emphasis on 
reasons for stating hypotheses . .. The 
place of authority should be examined 
so that students must recognise evi¬ 
dence based only upon statements by 
others. Control experiments, their 
nature and importance, adequate and 
inadequate sampling, accuracy and the 
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ltki* In nitm** (mil the syllabus itself * • 
"In discussing the contribution of 
.Science to the eiilumil ant! Miei.il dev¬ 
elopment of man the importance of the 
scientific attitude in fields other than 
Science should he stressed, the open 
mind, the* suspension of judgment, the 
readiness to recognise the effects of 
emotions, habits and prejudices on 
judgments and observations and the 
willingness to give up an untenable 
hypothesis are all elements of this* at¬ 
titude", In placing emphasis on how 
man has learnt to master his enviion- 
ment, the course encourages develop¬ 
ment of these unbiased and objective 
altitudes, 

Unusual Methods of Teaching 

The course is unusual in the method 
of teaching advocated. A very high 


pmpiiilum of the lessons are best 
t.uudit .tv.ay fiom the school, out j n 
•la i 'immunity m in natural surround- 
m*,:s of liuslilaiid, seashore, mountain 
ii valley. This sliesses the extension 
id iduiatiim from something that hap- 
|h ns only in lesson periods at school 
to Mim,-thing that happens everywhere 
involving everyone at all Limes. Edu- 
lation is a continuous process through¬ 
out life. In that this progiamme blurs 
the edges between school and non- 
si hi ml it points towards this and helps 
st la ml students get icady for the edu- 
tatniu of living, 

Trxllnuiks and Evaluation 

A textbook lias been published for 
the course written by teachers and a 
university science educationalist, (Cull, 
McDonnell and Meyer, 1966) This 
hook slit*,sses the processes of science 
and has taken the historical story of 
the syllabus as a theme for showing 
how scientists yvork and how great dis¬ 
coveries have been made, To accom¬ 
pany this* book a volume of unit tests 
has been produced (Cull, McDonnell 
and Meyer, 1967), This encourages 
pupils to use tests for self-diagonsis of 
problems and difficulties and to give 
guidance in study, It encourages 
teachers to use continuous evaluation 
as a teaching aid, 

Final tests of achievement are set by 
the N.S.W. Department of Education. 
These examinations contain only multi¬ 
ple choice questions that stress achieve¬ 
ment of understanding of the broad 
objectives of the course. 
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Orientation of the Programme 

Theie is a final quality that sets the 
course aside fiom other Science courses 
in the fifth and sixth yeai piogramme, 
This is simply its over-all purpose and 
oiientalion. Its avowed objectives aic 
not meiely to prepare people for entry 
into scientific piofessions but to give 
them knowledge and undei standing of 
basic concepts and of the application 
of these concepts to everyday living. 
It is the fostering of objective enquiiy, 
and the development of mental skills 
and appropriate attitudes that are es¬ 
sential to a meaningful life m the last 
decades of the 20th and the first de¬ 
cades of the 21st centuries. 
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T HK work of tlu* Nuffield Biology 
I'rojVi-t reflects a wide range of 
ideas for improving biology teaching 
lltat base ticni advocated in this coun¬ 
try for several years. It is significant 
that in many respects the fundamental 
aims of the Nuffield work are essential¬ 
ly those of new courses developed, or 
being developed, in other countries. 
Anyone who has encountered the. mat¬ 
erials of the Biological Sciences Curri¬ 
culum Study produced in the United 
States will realize, the truth of this 
statement, while the. reports of the 
Organization for Economic Co-opera- 

Reprinted from THE SCHOOL SCIENCE 


0-o and 1). velopiiicnt (OECD), the 
t ommunvi .ilth Education Liaison 
' ionisflt r ( CEI.(J) and UNESCO all 
<j ( d" f v tin at oeptanco of these aims 
■ iS guidelines for the immediate future, 

« aiMdi i.ittou of the facilities ie- 
'I'uod tin biology teaching must be 

u-v,.d ,n the luoud light of this con- 
'■ »siis ol opinion and the momentum 
Mi il.f dev rlopim ills it has stimulated 
h'dli .is icg.uds what is taught and how, 

I In- i ss« mini features of the new 
he hmy ionises are twofold; they cover 
a v oh i satiety of materials than in the 
pas! and they emphasize an invesliga- 
!"i\ apptoaeh As a result a number 
«vl new tiends me emeiging in the 
le.u long tut‘thuds employed. Individual 
in small-group practical work now 
plav a major putt, The distinction be- 
twi i'll piaetieal work and other activ- 
ilns is no longer so apparent: 
dismission is closely integrated with 
piaetieal investigation; demonstrations 
are used as the foci of problem-solving 
activities, not just for imparting infor¬ 
mation; and film loops, photographs, 
models, tables of experimental data 
and other sources of evidence are used 
in close association with laboratory 
work. 

The widespread desire for a revalu¬ 
ation of .school biology teaching arose 
paitly from a feeling among teachers 
that an entrenched, dogmatic approach 
In the subject was destroying its ability 
to adapt to changes brought about by 
new discoveries and new social and 
educational needs, No one wants one 
dogma to be supplanted by another 
and, indeed, the rate at which die 
science of biology is advancing and 

REVIEW: Nov., 1967 



NUFFIELD FOUNDATION SCIENCE 


217 


teaching pioccduies aie being devised 
or improved, requites that facilities 
should be as flexible and adaptable as 
possible. It has been said that build¬ 
ings and benches are the most con¬ 
servative influences in science educa¬ 
tion. In future we must accept 
that these, together with oilier facili¬ 
ties, must be of a form that can be 
modified Lo meet the demands of a 
realistic and continuous piogiarnmc of 
cumculum development. 

In planning for educational facilities 
we have also to beai in mind the 
changes that can be expected in the 
student population. For biology theie 
is a giowing opinion that, in future, 
a much greater proportion of pupils at 
all levels of secondary education should 
be given the opportunity lo Lake the 
subject, and there arc indications that 
more will wish to do so. In addition, 
the tiends towards comprehensive 
schooling and the broader range of 
abilities of students staying on into the 
sixth form will require the use of a 
greater variety of syllabuses and teach¬ 
ing methods. 

The Learning Environment 

If biology courses are to be run in 
a manner that encourages investiga¬ 
tion, discussion and thought it is 
essential not only that adequate mat¬ 
erials aie provided, but also that the 
pupils should work in an environment 
where such activities can be promoted. 
The atmosphere of this enviionmenl 
will be generated primarily by the 
teacher, but theie are a number of 
consideiations (most of them fairly 
obvious) affecting the provision and 
arrangement of facilities that can con- 


tnbutc to an effective learning envnon- 

ment. 

1 Facilities should be oigamzcd so 
that they can be easily utilized. 
Administi alive problems cause 
lime to be wasted and can destory 
a carefully fostered spirit of in- 
quny nioie readily than any other 
factoi. 

2. There must be provision for a cer¬ 
tain amount of ‘ordeied chaos’. 
Investigations with living animals 
and plants have a well-known 
tendency not to proceed accoiding 
to plan and invariably result in 
pioblems of clcaning-up and waste 
disposal. Unless adequate pro¬ 
visions are made to meet such 
exigencies pool laboratoiy discip¬ 
line will develop and learning will 
be impeded. 

3. Some facilities should be available 
to pupils outside noimal time¬ 
table hours. Inevitably, a number 
of biological investigations are 
long-term or cannot be adequately 
completed in a teaching period. 
Individual pioject work for in¬ 
stance, is laigely of this kind. 

4, The airangement of laboratory 

furniture should allow pupils to 
undeitake work in groups of vary¬ 
ing size. Some laboratoiy exeicises 
can be done by individuals or pairs 
of students. Others can best be 
done by larger groups, Also, a 
teacher will wish to use discussion 
or demonstration at times, either 
for the class as a whole or with 
small groups. It is essential that 
the teaching laboratory meets these 
demands. 
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mt is j*> ‘ «*f aj*j>tiafu’*, Bunk**. t<iltb , '> 
cl ilala and phoriuiiuph'* ma\ In* used 
in a‘*><M iitnm with jxatlii.il work ami 
tin'll' is al**x tin* writing up uf «*\prri- 
mrnti In lit' «Uun' An tnnhitlcred sur¬ 
face is thercfute limit'd with easy at- 
toss to wruVes, Obviously, tin* more 
mom there in tin* better, hut a surface 
ami t»l nine Mjiun* feet lor each pair 
uf pupils appears tit lie aland right. 

For 0-U‘Vfl work, tun* gas tap and 
electric point per pair uf pupils is 
enough. It is far better to have a few 
well-sited, large sinks tliim n lot of 
small ones. One per six pupils should 
he ample. At least one sink should 
lmve a hot water supply. 

The surface of the benches needs to 
he kepi as clear as possible. Bottles 
of chemicals and reagents kept on the 
benches ure a hindrance. So are sinks 
placed in the middle of a bench top. 

Formica or similar plastic bench sur- 


m. < * v bit 1) tend to lmeklc and become 
bpjn'is .o< not leeommended, 

Bn.oi‘<' ni the wide variety of items 

uwi'hid stillage underneath benches is 

m-4 < ,imK artanged. A shelf (not a 
•haw 11 in ctipluMid) on which pupils 

1 m plan* jieiMinal belongings and a 
small t.uk mi which bunsen burners 
and similar basic equipment can be 
sit u *1 is useful, but otherwise it is im- 
p ‘riant to keep the benches free under- 
in alii so that seating is comfoitable and 
stools in chairs can be slowed out of 
dir was. 

2 Sjiri ittliznl ureas in a laboratory 

J*“v hiding stotugc space, which will 
In diMiissed later, parts of the lahora- 
tmv sluuild lie set aside for specilized 
at tie ities. It is important that these 
an* distinct limn the pupils' working 
areas. 

fat Pcnumitation area 

The demonstration bench should he 
of tin* same height ns other benches; it 
need not be raised. It should be of a 
good si/e (minimum 10’ X 3’) and pro- 
sided with a sink and water supply, 
gas and electricity (15 amp and 5 amp). 
Near to the bench, or on it, should he 
a position for film loop and slide pro¬ 
jectors. Ideally, buck-projection should 
be used so tlmt there is no need to 
bother with blackout. Of course, a 
large, clear blackboard and facilities 
for pinning up articles or hanging 
charts are also needed, but there is 
some doubt about the value of over¬ 
head projectors in a biology laboratory, 
particularly bearing in mind their re¬ 
latively high cost. 
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Ideally a school biology department 
should have <i separate animal house, a 
glass house anil garden, If well mana¬ 
ged, these will provide girat education¬ 
al advantages and enstue an economic 
and continuous supply of living oigan* 
isms. However, it is often inconvenient 
to allow classes access to them or con¬ 
tinually to have to transport organisms 
into the lahoiatory. For this reason 
some facilities for keeping living orga¬ 
nisms must ho iivailahle in the labora¬ 
tory itself. For plants an indoor plant 
enclosure and/or a Wauliun chamber is 
suitable; far preferable to leaving 
plants exposed in the laboratory, 

A wooden tray set on stout legs or 
part of a bench can piovide the base 
for a suitable indoor plant enclosure. A 


t v, 1'i-fhi null high rim of W00( j is 

’ 'h d .md the surface of the tray 
hr covered with impervious 
phem. vhi t (mg A layer of gravel is 
pU-d mi top nf this. Trays or pots 
i ‘id.smnig tin- plants rest on the gravel, 

V »-<vu o! ti.mspaieiil plastic stretched 
m\. t a wood or metal frame will pro- 
wdr pioti t hon fioiti dust, retain mois- 
tun- mid Mime heal. 

A W.udi an eluunher can be suitably 
built on to a window, preferably one 
with sliding fiames or that opens in- 
wank. It should have some iorm ol 
Miubhnd to pi event overheating other, 
wise the glass or Uansparent plastic 
inver should he coaled with a film of 
vshiti wash dining a hot summer. 

One or mure laboratory plant enclo 
sores 11 mid be built on to a trolley each 
he,di d and hi artificially, In addition, 
t vtia lighting fuuii 80-W fluorescent 
tubes in either warm white or 3500'K 
colour, m ranged so that their height 
from the plants can be* adjusted, is 
necessary for speeding up the life cyc¬ 
les of certain plants and experiments on 
photosynthesis. 

Bench space being at a premium in 
most laboratories, it is suggested that 
cages' of animals such as mice be kept 
on shelving over benches or on a vacant 
wall, or on a trolley provided they are 
away from draught and fluctuations of 
tenipeiature. 

Particular care has to be taken over 
the housing of the animals so that they 
can be easily fed, watered and cleaned, 
An example of how such problems can 
be overcome concerns mice. In the 
Nuffield courses they are used on a 
number of occasions for growth, phy¬ 
siological, genetical and other studies. 
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One of the mouse cages found emi¬ 
nently suitable for school use was de¬ 
vised by Dr. M. E Wallace for reseaicli 
work at Cambridge. It consists of a 
polypropylene bowl of internal dimen¬ 
sions: floor 10.?X^3 »». height 3.1 in. It 
is covered by a wire, lid sloping down 
towards the centre of the howl which is 
fitted with a clip arrangement that se¬ 
cures it firmly. On the lid a metal plate; 
acts both to hold food and as a cover 
to the nesting area. A half-pint milk 
bottle supplies water. Six to nine adu¬ 
lts for breeding, m, a trio of two doves 
and a duck, can be kept in the cage. 
Three shelves containing four cages 
each will occupy a wall area about 
foui feet wide by two feet high and 
will project one foot. 

A cage need only he cleaned once a 
fortnight and food replenished, about 
once a week. Mice tend to smell in 
warm, unvenlilaled conditions and, in 
such circumstances, require moie fre¬ 
quent cleaning. However this is not a 
seiious problem, 

(d) Cleaning and disposal area 

The main pioblem of waste disposal 
in a biology laboratory concerns solid 
material. This can be collected in wire 
baskets or plastic containers which can 
be hung over the sides of sinks and 
emptied into a dustbin. 

In addition to this dustbin, a clean¬ 
ing and disposal area should have a 
sink with, if possible, a grinding device 
m its waste millet, and a draining 
board of non-rusting metal or plastic 
(not wood), One 01 more containers 
holding disinfectant are needed for 
disposing of organic material, parti¬ 
cularly used cultures of micro¬ 


organisms. 

Diily glasswaie and apparatus will 
also need to be collected and cleaned. 
Again, this is best collected in baskets 
m containers rather than deposited 
haphazardly into the sink. A drying 
rack is also needed especially for glass¬ 
ware. Needless to say soap, detergent, 
cleaning brushes, clothes and towels 
should he available and if there is no 
permanent hot water supply, an Ascot 
gas heater or a similar appliance will 
suffice. 

There should be enough space around 
the cleaning and disposal area to allow 
access for tiolleys transporting mat¬ 
erials to and from it and to allow peo¬ 
ple to move freely around, 

Probably the best situation for this 
area is in the laboratory itself so that 
it can bo used easily by pupils, but it 
should also be near the preparation 
room and sufficiently away from the 
main teaching area to be used when 
classes aie in progress. 

Outside work in ecology inevitably 
leads to a cleaning-up problem. Some¬ 
where there should be an area where 
such items as wet gumboots, clothing 
and nets can be deposited. Good 
diying facilities should also be avail¬ 
able. 

It cannot be emphasized too strongly 
that an adequately organized system 
for the disposal of waste and cleaning 
up is essential for the smooth running 
of a biology course in which experi¬ 
mental practical work plays a large 
part. 

(e) Long-term investigations area 

In terms of school laboratory man¬ 
agement, a long-term investigation is 
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one that lasts longer than one class 
teaching penod, ie., it has to be ac¬ 
commodated until the class meets 
again. While few investigations, other 
than project work, are likely to take 
more than a week or a fortnight, quite 
a number last for a more limited period 

In addition, apparatus may have to 
be left up for some lime so that a 
number of classes can use it. A group 
of aquaria arranged for investigations 
of food relationships is a good example, 
so is the model stream suggested for 
use in the third year of Nuffield O- 
level biology course. It can be made 
from asbestos, cast-iron, galvanized 
metal or PVC guttering. Water is 
circulated through it by a suitable 
pump. The equipment can be used not 
only foi ecological studies such as the 
influence of substratum of curient 
strength on the distribution of adquatic 
organisms, but also for reaiing trout 
ova and larvae, work on the matabol- 
ism of streamdwelling animals and 
many other investigations. An allot¬ 
ment of bench space or shelving is 
clearly necessary for such long-term 
investigations but this need not be 
great. 

(f) Clock 

A number of experiments require 
timing. If the laboratory clock has a 
second hand it can be used for such 
work and less reliance need be placed 
on a supply of stop-clocks or pupils’ 
watches. 

Specialized Areas Associated With 
Tiie Labohatoby 

Some of the more specialized activ¬ 
ities require facilities that need not be 


in the laboratory itself, but access to 
them from the laboratory should be as 
easy as possible. 

(a) Pupils' reference area 

Departmental libraiy. A small 
depaitmental libiary is essential It is 
not sufficient just to have a biology 
section in the school library. Copies 
of the standard reference books, keys 
and offprint should be available in sets 
(not just one copy). 

Other reference material, The 
pupils’ reference aiea might also house 
a collection of film loops, slide tians- 
paiencies, drawings, photographs, and 
possibly microscope slides togethei 
with the necessary piojection equip¬ 
ment. The projectors should be easily 
moved from this area into the demon¬ 
stration area in the main laboratory. 

A demonstration cupboard or cup¬ 
boards, a pin-up board for paper 
cuttings, pictures etc. and a peg-board 
for hanging up charts and displaying 
small pieces of apparatus are also ex¬ 
tremely useful. 

The extent to which it is consideied 
that pupils should have access to mat¬ 
erials will, of course, vary with the 
circumstances of schools 

(b) Projects area 

It is now widely accepted that worth¬ 
while project work by individuals and 
small gioups can be undertaken even 
within the limited time and resources 
available to school pupils. The Nuf¬ 
field A-level Biology Project, for 
instance, is including project work as 
an integral part of the scheme now 
being tried out in certain schools. The 
main lequirement for such work is 
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space in which experiments can be left 
undisturbed and this must be considei- 
ed as an addition to any allocated for 
long-term class investigations. Ideally 
a separate, fully-fitted small laboratory 
is needed, but much can be achieved 
using part of a class laboratory, a re¬ 
novated store loom or shed, or by 
utilizing areas in a preparation room 
or glasshour. We suggest that pro¬ 
vision for project work should be given 
high prrority and space that might 
otherwise be used for storage or dis¬ 
play could sometimes more profitably 
be used as a project area. 

The projects room, like the pupils’ 
reference area, should be open both in 
class time and for some tune after. 

Even if it is not possible to allow 
the rest of the biology department to 
be used by individual pupils, the ref¬ 
erence and projects area should be 
available to them; if necessaiy on a 
supervised basis, 

(c) Special subject areas 

Certain types of practical work re¬ 
quiring special techniques or involving 
hazards, need to be undertaken in areas 
away from the main laboratory area, 
Some aspects of microbiological work 
and experiments involving radioactive 
materials come into this category. 

For microbiological work a small 
area is needed where subculturing, 
pouring media and inoculation can be 
undertaken without undue risk of con¬ 
tamination. The space required need 
not be large, one or more transfer 
chambers or a suitably adapted fume 
cupboard will suffice. 

On the whole it is better to confine 
work with radioactive materials to a 


special area. Their use is governed by 
regulations laid down by the Depart¬ 
ment of Education and Science. How¬ 
ever, the experience gained from 
woiking with isotopes can be of great 
value even if it is only on a relatively 
small scale. 

(d) Preparation area 

This should be as spacious as possi¬ 
ble since it is the hub of the laboratory 
organization. It should not be a 
storage area noi a through passage for 
pupils. Here the teacher and labora¬ 
tory assistant should be able to work 
unimpeded. Although not an ideal 
arrangement, pait of it could be used 
as the teachers’ office. 

Good lighting, gas and electricity 
points, hot and cold water, a sink and 
a waste disposal unit aie necessaiy, 
Adequate bench and shelving space 
also workshop facilities are needed. 
Tiolleys should be able to move easily 
within the area. 

(e) Storage areas 

Relatively few large pieces of equip¬ 
ment are used in school biology 
courses (3). 

For stoiing ceitain unstable sub¬ 
stances such as sera, ATP and nutrient 
media, a refrigeiator is essential. More¬ 
over, it enables recipes to be made up 
at any convenient time and kept until 
needed, Mirco-organisms and tissues 
from recently killed organisms can be 
kept in a refrigerator for some time 
and still remain in a suitable state for 
practical work. A deep-freeze is not a 
necessity but if one is available, organ¬ 
isms such as mice and fish can be 
restored to good condition for exami- 
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nation and dissection. 

Bacteria and fungi used in experi¬ 
mental work usually require incubation. 
Work on development using fowl’s 
eggs and genetical studies with Dro¬ 
sophila also need a regulated tempera¬ 
ture above that of the laboratory. 
Hence one or more incubators are 
essential items of equipment. These 
need not be very large or expensive, 
and some success can be achieved, as 
a temporary measure, with improvisa¬ 
tions such as an acquarium tank heated 
with an electric light bulb and lined 
with cotton wool for insulation. 

Equipment such as refrigerators, in¬ 
cubators, balances and autoclaves can 
be kept rn specified positions and pre¬ 
sent few storage problems. Micro¬ 
scopes, on the other hand, are another 
matter. They are used frequently, and 
therefore need to be easrly accessible, 
but intermittently and so do not war¬ 
rant being kept in tho pupils’ working 
areas, Some schools have found it best 
to keep them on shelves, otheis use a 
trolley kept in the preparation 100 m. 
The latter arrangement is an advantage 
when one set of microscopes has to 
seive more than one laboratory. 

Micioscopes need to be kept dust- 
proof and this is probably best achiev¬ 
ed with the use of cloth or plastic 
covers. On grounds of accessibility, 
stonng microscopes in cupboards is not 
recommended unless there is a danger 
of theft or damage. 

Dangerous chemicals and other 
similar materials need to be kept in a 
cupboard that can be locked. 

In a biology course with emphasis 
on investigation a lot of small pieces 
of apparatus will be needed, Apart 


from a few items it is not feasible to 
store apparatus in the pupils’ working 
aieas. It is far better to leave space 
under the benches for the pupils’ legs 
and their stools or chairs, This helps 
to keep the aisles between benches 
free of clutter, increases comfort and 
so helps discipline. 

Efficient storage depends on four 
factors : 

i) the relationship between where 
the items are stored and where 
they are used, 

ii) accessibility and protection, 

iii) ease of transportation of items to 
and from where they are used, 

iv) a system for discarding old and 
unused items. 

In the long run it is worth spending 
some time and money working out a 
detailed stoiage plan for a laboratory 
bearing these factors in mind. This is 
particularly true when taking on a new 
course. 

Storage is a problem that cannot be 
solved on an ad hoc basis. If materials 
are stored as they are received without 
reference to an overall plan, inefficiency 
will inevitably result. 

It is well to remember also that stor¬ 
age is essentially a human problem. 
Pressure of work and familiarity with 
the surroundings sometimes make it 
difficult to perceive the real nature of 
the problem in one’s own laboratory. A 
colleague brought in from the outside 
can often be of great help with fresh 
ideas. 

(f) Types of storage 

In many school laboratories today 
cupboards with swinging doors and fix¬ 
ed shelves are the basic storage units. 
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Not only do they fail to provide a 
flexible method of storage, but they 
often contain a great deal of unused 
space and it is difficult to load and 
unload mateiial from them, 

If doors are necessary to piotect 
equipment they should slide wherever 
possible. An excellent type of lock is 
now available for closing them. 1 Some¬ 
times curtains (to keep out dust) are 
sufficient, sometimes it is better to have 
no cover at all. Shelves should be re¬ 
movable and it should be possible to 
adjust their height. 

Portable plastic shelves moulded to 
hold various bits of apparatus—either 
of the same type or a collection need¬ 
ed for a particulai piece of work- 
have much to commend them, parti¬ 
cularly as they are easy to clean. Other¬ 
wise, wooden shelves with a small rim 
to prevent things falling off can be 
used, The shelves must, of course, 
be of a size that allows them to be 
easily moved. 

Tlie provision of more movable shel¬ 
ves and drawers, sometimes in place 
of cupboards, is one of the main re¬ 
quirements for laboratories which are 
to compete with work of an inves¬ 
tigatory nature. 

One way in which storage can be 
combined with accessibility is by the 
use of trolleys. These can be literally 
shelves on wheels, and with a top that 
provides a reasonable working surface 
and a simple device like a pram biake 
foi fixing the wheels in position, they 
can be used in place of fixed benches 


Whis lock is known as the ‘Century 
No 230’ and is made by Humphrey and 
J. Pox, Ltd., Century Works, Withenhall, 
Staffordshire. 


to pi ovide not only storage space, but 
a working position as well. They can 
be wheeled to wherever their contents 
aie needed. 

Whatever form of storage is used and 
wherever it is situated, there must also 
be space, unhampered by swinging 
doois and the like, in which to monoe- 
vre. Hems used regularly should, if 
possible, be stored at waist height. 
What is not always appreciated is that 
storage above this height can he very 
valuable. In many laboiatoues, the 
greatest waste of space is upwards. 

There is a poweiful aigument foi 
having relatively low ceilings in Iabo- 
i atones to help in providing an intimate 
teaching atmosphere, but if height is 
in excess, as it usually is, it should be 
used. Shelves m the laboratoiy 01 even 
a gallery in a preparation room can 
provide extia storage space for items 
which are not constantly in use A 
fixed or adjustable step ladder will be 
needed. 

(g) Glasshouse 

This should adjoin the laboratory or 
at least be neai at hand. Since the 
school heating system is liable to be 
turned off during the holidays, the 
glasshouse should be heated indepen¬ 
dently Oil heaters aie unsuitable be¬ 
cause of fumes and the only satisfac¬ 
tory system consists of tubular electric 
heateis with thermostatic control, 

In the summer over-heating can be a 
major problem. It can be overcome to 
some extent by an abundance of open 
windows, by using Venetian blinds or 
a fan, or by white-washing the glass 
(or applying a special preparation such 
as ‘Summer Cloud 1 ). 
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A small, well-used, glasshouse is pre- 
feiable to a large one unless there is 
adequate manpowei to run it. 

If a bench, a sink and electric points 
are included experimental work can be 
undei taken and the glasshouse used as 
an extension of the project area. 

The glasshouse is the most underused 
pait of many school biology depart¬ 
ments. When integrated closely with 
class activities it can be invaluable. 
One is essential for courses such as 
those devised by the Nuffield projects, 
(h) Animal area 

While some animals can be kep,t in 
the laboratoiy, it is a waste of space 
to house bieeding stocks tbeie. Sepa¬ 
rate arrangements are lequired for 
these. A shed or part of a store room 
can be sufficient. Some schools have 
used part of a glasshouse as an animal 
room, but such an arrangement faces 
great danger due to over-heating. 

The animal area should be well-ven¬ 
tilated but draught-pioof and it must 
be easy to clean. It needs to be kept 
at laboratoiy temperature and any ani¬ 
mals requiring more heat, e.g. locusts, 
should have a heating device in their 
cages. It is an advantage to have a 
temperature gradient in the aiea so 
that one end is cooler than the other 
(a single window will usually achieve 
this). 

There should be a reasonable source 
of light and easy access to a water 
supply. A small cupboard is required 
in which food and other materials can 
be kept also a liberal supply of plastic 
bins for keeping such things as mouse 
food and for collecting refuse. 

Under these conditions it would be 
possible to maintain stocks of all 
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organisms required for the Nuffield 
couises 

( 1 ) Outdoor areas 

Ecology leceives much more atten¬ 
tion in the new courses. This does 
not mean that access to huge field 
aieas is essential, although of couise 
they can be of great benefit. Theie 
should, however, be some waste 
ground, a pool (natuial or artificial) 
or similar small, outdoor habitat avail¬ 
able. 

(j) Rain-nater tank 

A pipe leading fiom a tank just be¬ 
low roof level with a single tap in the 
laboiatory can provide an invaluable 
way of getting rain water quickly. It 
is often needed, particularly if the 
main water supply contains much chlo- 
une or is very hard. 

Flexibility 

Routine demonstrations by the tea¬ 
cher play a relatively small part in the 
new courses. Instructions for practical 
work are provided for the pupils, and 
the brighter ones can certainly carry 
on with little assistance. Hence the 
teacher is apt to spend less time at 
the front of the class and much more 
among the students dealing with indi¬ 
vidual problems. The design of a 
laboratory for this type of work thus 
needs to be more focussed on the act¬ 
ivities of the pupils than on those of 
the teacher. 

The design of a flexible laboiatory 
is no easy task and we feel there is a 
need for much moie research and de¬ 
velopment on this problem(4). The 
teacher has a vital role to play and 



* \ 




The use of wajl shelves. (Top) these microscopes are accessible, but are so situated 
that they do not interfere with woilc on the bench. (Bottom) mouse cages such as these 
occupy a relatively small part of a room if kept on wall shelves. 
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we w ould like to see moie article on 
this subject fiom practising teachers in 
journals such as The School Science 
Review. Heie aie a few issues which 
seem to use to meat fuither explora¬ 
tion: 

(a) The positioning of services (gas, 
electricity, water) often governs 
flexibility in the use of a laboratory 
Should service centres be attached 
to benches? Would overhead cen¬ 
tres, some placed above benches on 
walls and some at other positions 
in the laboratory where movable 
benches can be attached, be more 
suitable? 

(b) What are the best ways of using 
movable benches or tiolley-ben- 
ches? 

(c) Are pupils’ positions best arranged 
singly or in bays aiound a labora¬ 
tory rather than in parallel rows in 
the centie? Alternatively, would 
clusteis of movable benches around 
service centres in the middle of a 
laboratory offer more flexible facili¬ 
ties? 

(d) Should we not explore the carrel 
system (learning system) developed 
in the United States(4)? 

(e) Would the most suitable basic 
design for a biology teaching labo- 
ratoiy be central space with small 
bays leading off it (4) P 

(f) How should laboratory furniture be 
developed which is simple in design 
and multi-purpose in function? 

(g) What would be the advantages of 
having partitioning walls which are 
movable and bear no load? 

No doubt there are many other ideas 
on laboratory design which could lead 
to greater efficiency and flexibility, 


Conclusion 

In this article we have attempted to 
look at the futuie physical needs of 
biology teaching in a general way. We 
have delibeiately avoided trying to pro¬ 
duce an ‘ideal’ arrangement because foi 
most schools reality, in the short term, 
means adapting to conditions that al¬ 
ready exist. Furthermore, develop¬ 
ments are still veiy much at an em¬ 
bryonic stage. While much work has 
been done at O level, there aie deve¬ 
lopments in lelation to CSE (especial¬ 
ly relevant to comprehensive Schools) 
and for sixth forms to be considered in 
the future. Furthermore, a school bio¬ 
logy department needs to be organized 
not only in relation to its own commit¬ 
ments, but also in association with the 
departments of other related subjects. 

However, it is not too early to start 
thinking about this matter. The provi¬ 
sion of laboratory facilities must be seen 
as a carefully planned, long-term opera¬ 
tion. Far too many biology departmets 
are suffering at present from a succes¬ 
sion of short-term, ad hoc improvisa¬ 
tions. 

The experience of the trials of the 
Nuffield O—level materials indicated 
that many biology departments can be 
easily adapted to the new requirements. 
In the short term, lack of facilities need 
not deter schools from, at least, experi¬ 
menting with the new courses. Often a 
compromise can be reached by which 
modifications to the balance but not the 
principles of a course, allow it to be 
taught in apparently inimical circums¬ 
tances. In the long term we must ac¬ 
cept that adequate facilities are essen¬ 
tial if a high standard of teaching and 
learning is to be achieved. 
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Finally, we would emphasize that the 
provision of adequate laboratory facili¬ 
ties is not an issue that can be treated 
in isolation, the most lavish equipping 
of biology depai Invents could never, of 
itself, meet out present teaching require¬ 
ments. Thiee other considerations are 
complementary and paramount. First, 
there is an urgent need for more time 
to be made available to biology teachers 
for the preparation of laboratory work. 
Second the widespread shortage of pro¬ 
perly framed and properly used laboia- 
toiy staff must be overcome. Third, 
there is a need for more efficient orga¬ 
nization in the development and sup¬ 
ply of equipment, particularly of living 
organisms. We realize that some steps 
are being talcen to overcome these pro¬ 
blems. However, we are not convinced, 
at present, that they are by any means 
sufficient. 
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Supplement on the 
Nuffield Foundation 
Teaching Project’s 
16-18 Programmes 


E ARLY in 1964 the Trustees of the 
Nuffield Foundation recognized 
that tire development of O-level 
courses would necessitate the de¬ 
velopment of materials for A-level 
students. Plans have now been drawn 
up foi programmes of development 
leading to a number of A-level courses- 
biology, physics, chemistry, and phy¬ 
sical science. The last-named course 
is intended to present the essential 
unity of the physrcal sciences by mate¬ 
rial drawn from both chemistry and 
physics. 

The planning of all A-level courses 


is necessarily conditioned by an aware¬ 
ness of the rapidly growing diversity 
of interest and ability among sixth- 
form pupils. The sixth-form is glow¬ 
ing very lapidly m size and it is essen¬ 
tial that courses designed for the sixth- 
form should be flexible. They must 
provide the most able pupils with op¬ 
portunities for senous study in depth, 
but must also piovide a meaningful 
education for those not continuing their 
education in science beyond this stage. 

Four teams have been appointed to 
cany out the development at A-level. 
The A-level biology team is being 
organized jointly by Mr. W. H. Dow- 
deswell of Winchester College and Mr, 
P. J. Kelly, fonneily of Bexley Gram¬ 
mar School. The woik of this section 
is guided by a Consultative Committee 
under the chairmanship of Professor 
John H. Burnett, Professor of Botany 
m the University of Newcastle-upon- 
Tyne and Professor D. R. Newth, Pro¬ 
fessor of Zoology in the University of 
Glassgow is vice-chairman. Programmes 
in the physical sciences are being guid¬ 
ed by the Joint Committee on the 
physical sciences with Piofessor Sir 
Nevill Mott, Cavendish Professor of 
Physics in the University of Cambridge 
as Chaiiman and professor R. S. Ny- 
holm, Professor of Chemistry in Uni¬ 
versity College, London, as vice-chair¬ 
man. The physical science course is 
the responsibility of Dr. J. E. Spice 
of Winchester College. The develop¬ 
ment xn A-level chemisty is the respon¬ 
sibility of Mr. E H. Coulson, formerly 
of Biaintree County High School. The 
physics project is being reconstituted 
but much of its preparatory work has 
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been under the leadership of Mr. V. 

J. Long. 

A-level courses weie introduced into 
samples of trial schools in September 
1966 m chemistry, physical science, 
and biology, and final editions of the 
materials should be published early in 
1970 The principles which have guid¬ 
ed and determined the O-level deve¬ 
lopments will continue to influence the 
courses at A-level. In particular, stu¬ 
dents will be helped to a scientific 
understanding by means of experiment 
carried out individually, but theie is 
clearly, at this level, a need to intro¬ 
duce materials in a less heuristic ap¬ 
proach. i ! 

The Examinations Boards have been 
most willing to assist the A-level de¬ 
velopments by providing special ex¬ 
aminations for pupils from tiial schools. 
Arrangements similar to those for the 
O-level course have been agreed with 
all eight GCE examining boards. In 
particular, A-level examinations will 
be provided m 1968, 1969, and 1970 in 
biology, physics, chemistry and physi¬ 
cal science, The hoards responsible 
for providing examination papers for 
candidates from all trial schools are 
the Joint Matriculation Board in bio¬ 
logy, the Oxford and Cambridge 
School Examination Board in physics, 
the University of London Board in 
chemistry and the Cambridge Local 
Examinations syndicate in physical 
science. I ‘ 

It was most necessary before trials 
of the courses could be mounted to be 
able to assuie pupils in trial schools 
that they would not be handicapped 
by their involvement in the Nuffield 
scheme when seeking entrance to uni¬ 


versities and we are most gratified by 
the interest and enthusiasm that has 
been shown in these experiments. It 
is clcai from the progiess to date that 
physics will be running late compared 
with the other projects and is conse¬ 
quently not included in this leport. 
We shall, however, be arranging with 
the A S.E. for its later publication. 

K W. Keohane, Co-ordinator 

THE NUFFIELD FOUNDATION 
A-LEVEL BIOLOGY SCHEME 

Introduction 

The work of the A-level Biology Sec¬ 
tion staited in Januaiy 1965 and began 
with investigations of the require¬ 
ments of biology teaching in the sixth- 
foim, The organizers worked in close 
co-operation with the research team of 
the Committee of Biological Education 
whose survey has recently been pub¬ 
lished. 

In addition, a seiies of discussions 
weie held with groups from the Asso¬ 
ciation foi Science Education, Colleges 
of Advanced Technology, Colleges of 
Education, and University depart¬ 
ments of Biological Sciences, Medical 
and Dental Schools. Close consulta¬ 
tion with the many people interested 
in sixth-form biology has continued in 
order to ensure that the work of the 
project will be as lelevant and realistic 
as possible. 

A special study was also made of 
areas of subject matter that appeared 
to present particular difficulties in 
sixth-form work. 
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They were: 

1, Applied Biology 

2. Behaviour 

3. Development and cell biology 

4, Ecology, natural selection and 
evolution 

5, Genetics, including population 
genetics 

6. A biological approach to structure 
and function 

In addition a special study has been 
made of pioject work and its assessment. 
Working parties, consisting of teachers 
and research biologists, were set up to 
help with this work. 

Principal Aims 

The work of the Project is aimed at 
developing certain abilities in the stu¬ 
dents. 

a. To acquue information and a 
knowledge of the terminology and 
and conventions i elating to the 
study of living systems. 

b. To classify biological data and 
to synthesize them into generali¬ 
zation and principles. 

c. To make relevant observations 
and ask relevant questions about 
them, 

d. To handle quantitative infoima- 
tion and to assess the error and 
degree of significance involved. 

e. To assess critically hypothetical 
statements with regard to their 

. ongin and application. 

f. To evaluate the implications of 
biological knowledge for human 

_ society. 

g. To analyse acquired biological 
•• - knowledge and utilize it for iden¬ 
tifying and solving problems with 
unfamiliar materials. 
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h. To make a creative contribution 
to solving biological problems. 

Underlying each of the above abili¬ 
ties is the need to be able to record 
and communicate adequately and re¬ 
levantly both veibally and in writing 

We hope the scheme will piovide the 
means whereby students can develop 
the abilities enumeiated above. It will 
he concerned with biology as a single 
entity and not divided into separate 
subjects, botany and zoology. 

Tlieie will be contmual reference to 
the implications of biology for human 
society. Pure and applied biology, to¬ 
gether with biological technology, will 
be interwoven in the scheme with no 
distinction of status. Students should 
realize that pure and applied biology 
cannot be dissociated even though the 
approach to biological technology and 
puie academic research m biology can 
be different. 

The scheme will be concerned with 
all levels of biological organisation, 
namely molecular, cellular, organ and 
tissue, organism and population. It will 
provide an introduction to the major 
syntheses of biology, for example bio¬ 
logical diversity; genetic continuity and 
variation, evolution, and inter-relation¬ 
ships of structure and function, the inter¬ 
relationships of organisms and environ¬ 
ment matter and energy cycles; homeo¬ 
stasis, development; psychology; infor¬ 
mation theory in relation to living or¬ 
ganisms; and the relationships of differ¬ 
ent kinds of life cycle. 

In the trial version there aie four 
basic courses focused on the organism 
and built aiound the themes: 

The living community 

The maintenance of the individual 
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oigamsm 

The organism m relation to its 
environment (biotic and physical) 
developing organism. 

The mam feature of the subject mat¬ 
ter is that it focuses pupils' attention 
on living oiganisms, not just biological 
principles. An attempt has been 
made to link the various biological 
disciplines so that, for example, popula¬ 
tion genetics and ecology aie consider¬ 
ed together, applied and pure biology 
are closely related and, wherever 
appropriate, physical science and 
mathematics are introduced in a 
biological context. 

It is important that some degree of 
choice of subject matter should be 
available based on particular interests 
of teachers and students (on occasions 
these may have a vocational slant). 
Within the courses some provision for 
alternative approaches to topres will be 
made. 

Pupils will also be given eveiy op¬ 
portunity and encouragement to follow 
specific interests by individual study. 
For this reason, and because of the 
unique experience that scientific in¬ 
vestigation can give, individual project 
work is regarded as an integral part 
of the scheme. 

As wide a variety of organisms as 
possible will be utilized. In attempting 
to achieve this, we intend to avoid the 
traditional study of ‘types’. Instead, tine 
kinds of organisms used in the different 
courses will be carefully selected so 
that while there is a reasonable variety, 
unrealistic demands are not imposed on 
the schools and supply organizations. 

Wherevei possible, organisms will be 
selected that have some significance in 


applied biology. 

Biology should be seen as a part of 
human endeavoui and as a subject 
which has been developing over many 
centimes There are many unansweied 
questions about life; our ideas of life 
may change as new knowledge is 
obtained. Whenever possible, the 
coinses will be linked to life outside 
the laboratory and opportunities pro¬ 
vided for the handling and care of 
biological material and the aesthetic 
enjoyment that the subject can provide, 

In general we would not include 
theoietical ideas for which sufficient 
diiect or indirect evidence cannot be 
pioduced. Howevei, if a concept is 
considered essential to the continuity 
of a topic or has great theoretical 
significance, its inclusion without ade¬ 
quate evidence could be acceptable, 
provided its hypothetical nature is 
emphasized. Fmthermore, such topics 
may be used to illustrate hypothesis 
and model making as a major part of 
scientific enquiry. 

Synopsis of the Basic Cowses 

It is not possible at this stage to 
provide a full synopsis of the courses, 
but the following is a brief statement 
of the rationale around which they 
have been developed. 

1. The Living Community (2 weeks) 

Students will have their first experi¬ 
ence, at this level, of plants and animals 
in natural or simulated ‘field’ situations, 
where the organisms can be seen in 
1 elation to each other and their sur- 
loundmgs. A few habitats are ex¬ 
amined. We have three major aims at 
this early stage; 
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a. To focus attention on variation 
and patterns in biological mat¬ 
erial and methods, including 
those involving statistics, des¬ 
cription, identification, and 
making records. 

b. To provoke questions and guess¬ 
es which will be dealt with more 
fully later. Some long-term 
investigations may arise out of 
this course. 

c. To make students consider pro¬ 
blems of communication amongst 
biologists and the nature of 
biological explanations. 

At the outset we wish to encourage 
tlie acquisition of fiist-hand experience 
of organism in natuial communities 
which will be invaluable latei on. 

2. The Maintenance of the Individual 
Organism (18 weeks). 

The object of this course is to study 
the activities of individuals and their 
associated structures drawn from a 
small numbei of species. Such 
studies will require the learning 
of biochemical, physiological, and 
anatomical techniques, needed also in 
other couises. The emphasis through¬ 
out is on the individual organism and 
its constituent parts. Some related 
applied topics arc: nutrition and diet; 
food pioduction; the heart-lung ma¬ 
chine, the aitificial kidney; selective 
weedkillers. 

3 The Oigamsm in elation to its En¬ 
vironment ( 10 weeks). 

This course will depend upon the 
examination, in Course I, of a few 
local communities such as those inhabit¬ 
ing waste ground, paths, lawns, and 


acquaiia, and the fundamental questions 
concerning distnbution that emerged 
from it. In the autumn it will he 
necessary to collect certain seeds for 
giowth later on and to start a few of 
the long-term investigations which are 
needed in connection with ecology and 
genetics. 

In the summer term we shall be 
concerned mainly with single species 
of plants and animals and their study 
in relation both to their physical and 
biotic environments (including a study 
of social behaviour in animals). 

Related, applied topics may be: con¬ 
servation, biological control; agriculture; 
horticulture and fishery practices and 
human population problems 

4. The Developing Organism 
(10 weeks) 

The programme of work will be 
designed to cover the different levels 
of developing systems; biochemical, 
cellular, tissues, organ, organism, and 
the formative processes of growth, 
differentiation, and morphogenesis. It 
will also show how development pro¬ 
ceeds from the general to the parti¬ 
cular and how patterns of development 
vary. 

Related, applied topics may be’ 
production of economic plants and 
livestock; plant and animal breeding, 
human heredity; biological hazards of 
ladiation and control of plant growth. 
The section will also include a some¬ 
what detailed study of mammalian re¬ 
production. The study of development 
will be linked to those of physiology, 
ecology, behaviour, and other topics 
dealt with elsewhere. Other courses 
are also being devised. 
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Pi ojects 

Individual project work will be 
undertaken by all students and can be 
carried out at any appropriate time, 
but it is likely that terms 3 and 4 will 
be most suitable. It is allocated a total 
of 40 periods. 

Long-term Class Practical Work 

Some class practical work will extend 
over several weeks, e.g., breeding 
experiments in genetics. A total of 
60 periods is allocated for such work 
and any extia unscheduled activities. 
This amounts to 12 periods pei teim or, 
loughly 1 period a week. Work on 
long-term class praclicals will take up 
say, two-thirds of this time. 

School Trials 

During the academic year 1965-66 
teaching materials were prepared and 
trials of these are now taking place in 
forty-eight schools grouped in certain 
aieas of England, Wales, Northern 
Ireland, and Scotland. Local Educa¬ 
tion Authorities and School Governing 
Bodies have generously financed the 
provision of equipment and other 
materials needed for the trials. 

For evaluation purposes it is neces¬ 
sary for the schools to take the course 
in a fixed order. However, it is in¬ 
tended that the final scheme should be 
flexible and allow teacheis a great deal 
of room for manouvre and using their 
own initiative. 

Bnefing Meetings 

The teachers taking part in the 
tiials were biiefed at a conference held 
at Loughborough University of Tech¬ 
nology in August 1966. Meetings will 


also be held in Sheffield College of 
Education at Easter 1967 and at 
Southampton University in July 1967 
These gatherings will also provide 
feedback mfoimation on the work so 
far and an opportunity for teachers and 
otheis to discuss their reactions to the 
scheme 

In addition, legular meetings are held 
in each of the tiial aieas, 

Evaluation 

The work of the scheme is being 
evaluated in a number of ways: first 
through the regular assessment by 
teachers of the way the work is faring 
in theii own school, second, through 
meetings as outlined above, thiid, by 
visits of small teams of observers to 
the schools; fouitb, by a number of 
reseaxch biologists, teacheis, and others 
reviewing the publications, finally, by 
examinations which aie currently being 
devised. 

Examinations 

Investigations are now under way of 
the uses of objectives-type papers, 
open-ended problem questions, and 
different forms of essay. In addition, 
methods of continuously assessing 
practical work aie being tested in 
schools cariying out the trials. 

The work on evaluation and exami¬ 
nations is being closely integrated and 
an Evaluation and Examinations Com¬ 
mittee has been set up. This includes 
representatives from each of the Ex¬ 
amination Boards. 

Publications 

The Students’ Laboiatory Guide and 
Study Book provides a series of open- 
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ended investigations and instructions 
legarding procedure. 

A Students’ Pioblems Book is used 
to extend the results obtained in the 
laboratory and to provide secondhand 
evidence or appiaisal. 

Pamphlets for students arc used to 
introduce topics to provide background 
leading, and to leview themes. 

A Teachers’ Guide is intended to 
supplement the students’ material and 
to suggest lines of approach in teaching. 

A teachers’ Laboratory Book lists the 
equipment needed for each practical 
exeicise, suggests sources of living 
material and provides other technical 
information. 

The work is supported by the use of 
8mm film loops and 16 mm sound film. 

THE NUFFIELD FOUNDATION 
A-LEVEL PHYSICAL SCIENCE 
COURSE 

This course is being developed as an 
integiated approach to physical science 
in the sixth-form and is intended to be 
a study in its own right as well, suit¬ 
able for those wishing to proceed to 
furthei study in physics, chemistry, and 
technology. This subject will occupy 
a time allocation of only one full sub¬ 
ject and consequently a pupil besides 
studying mathematics may also have 
the opportunity of serious study in bio¬ 
logy or a non-scientific subject. 

The General Form of the Physical 
Science Course 

The flow diagram gives an overall 
picture of the giound we think it 
practicable to cover. We are encourag¬ 
ing quite considerable variations of 
timing, order, and , emphasis between 
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one school and another. Moreover, 
the varying backgrounds of the pupils 
means that a particular topic may have 
to be tieated very thoroughly in one 
school while a similar thoroughness 
would pioduee boiedom in another 
school The arrows show how each 
topic can be cioss-lmked with others, 
and how the actual sequence of topics 
may be vaiied. For example, the study 
of simple haimonic motion might arise 
as a result of experiments with oscil¬ 
lating mechanical systems, obseivations 
on a suitable electrical circuit, fiom an 
examination of the ways in which 
molecules—may stoie energy, or from 
a consideration of the projection on a 
diameter of a body moving in a cncle 
with constant angular velocity. Giant- 
cd these differences of detail and 
timing, the general fiamework of topics 
and ideas is likely to be somewhat as 
follows. 

In the first lesson or so, the pupils 
aic invited to do quite simple things 
with a vaiiety of materials. They 
might be asked to observe the exten¬ 
sion of metal springs or rubber bands 
when loaded; the height of rebound of 
metal or rubber balls dropped on dif¬ 
ferent surfaces, the effect of tempera¬ 
ture on properties — for instance, the 
increase in elasticity of a lead spring 
at liquid oxygen temperatuie; the re¬ 
actions between various substances, In 
these early lessons it should become 
plain to the pupils that they are going 
to be concerned with the properties 
and chemical reactions of materials, 
and with the interactions of materials 
with energy and with radiation. 

Throughout the subsequent develop¬ 
ment we shall stress the fact that be- 
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cause real materials have to be used 
in the study of physical and chemical 
behaviour, the relationships predicted 
from idealized models are subject in 
practice to quite definite limitations. In 
quantitative work it will often be 
necessary to use equations appropriate 
to ideal situations, but attention will 
always be drawn to their practical 
shortcomings. We shall try to bring 
the pupils to see these, not as tiresome 
‘inaccuracies’ but as means of penetrat¬ 
ing deeper into the real natme of the 
physical woild. 

The experience of the early lessons 
suggests thiee possible hues of advance. 
In the first, some of the basic ideas of 
motion, force, momentum, and energy 
are studied. A precise meaning for 
such terms as velocity and acceleration 
is soon needed. Pupils are encouraged 
to consider the results of then experi¬ 
ments in the light of such questions 
as: ‘what is meant by the velocity of a 
body subject to acceleration? 1 ‘How 
does the value obtained for it by divid¬ 
ing a distance by a time vary, as the 
distance or time interval is made smal¬ 
ler, and what is the significance of this 
variation?’ By considering such ques¬ 
tions pupils are given a physical idea 
of the meaning of differential coeffi¬ 
cients, and begin to appreciate the 
power of the calculus. Force, momen¬ 
tum, and energy are studied in the 
context of Newton’s laws, and questions 
are laised, the answers to which often 
have to be deferred ‘Why is the re¬ 
lationship between stress and strain 
different for a metal wire and for a 
piece of polythene,’ ‘Kinetic energy can 
be converted into potential energy — 
for instance at the moment of collision 


— but how is it actually stoied before 
the bodies rebound from one another?' 
In order to answer such questions it is 
necessary to consider the microscopic 
structures of the materials concerned. 
For solids and liquids little progress is 
possible until something is known of 
the anangements of the atoms of mole- 
cules present, but for gases there is no 
such difficulty The relationship al- 
leady derived between foice and 
change of momentum from experiments 
with microscopic systems is now applied 
to the collisions of gas molecules with 
the walls of the containing vessel. In 
the development of the simple kinetic 
theory of gases, there is a first intima¬ 
tion of the importance of statistics in 
dealing with large-scale systems, and 
of the meaning of temperature 
The second possible line of advance 
is a consideiation of phase changes, 
and the properties of the gaseous state. 
The P-V-T relationships of gases are 
investigated experimentally, and inter¬ 
preted in terms of the kinetic theory, 
‘Deviations from ideality’ aie consider¬ 
ed m terms of the finite size of mole¬ 
cules and of the actual foices between 
them. The conditions under which the 
equation PV=nRT can be used are 
examined, and it is then applied to a 
determination of the number of moles 
of gas present, and hence of molecular 
weights and formulae. Consideration 
of the equilibrium between a conden¬ 
sed phase and its vapour provides an 
introduction to some of the general 
features of equilibria and leads to a 
description of the phase relationships 
of pure compounds. A preliminary 
correlation of the heat effects of phase 
changes with the chemical nature of 
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the compounds concerned is attempted, 
Solid-liquid vapour equilibria for 
systems containing more than one 
compound are studied on the basis of 
Raoull’s law, and further methods of 
counting moles emerge. This section 
on gases and phase equilibria thus 
serves several purposes. It gives prac¬ 
tice in the handling and purification of 
various compounds. It begins to show 
something of the relationship between 
chemical constitution and physical pro¬ 
perties, and how large-scale phenomena 
can be explained in terms of the motions 
of molecules and the forces between 
them. It gives ways of counting moles 
and thus of finding stoichiometry' and 
foimulae 

Thirdly, a survey is made of the re¬ 
actions of a group of chemical elements 
(conveniently, those of the second short 
period) and of their compounds. The 
factions of these elements with each 
othei and with such reagents as water, 
acids, alkalis, oxygen, and chlorine are 
studied, piobably with different mem¬ 
bers of the class caiiying out different 
leactions, and then pooling their re¬ 
sults Reactions of the oxides and 
chlorides of the elements aie also look¬ 
ed at. Physical properties of both the 
elements and their compounds arc 
either determined or obtained fiom 
tables. (Piopeities such as hardness, 
melting and boiling points, electrical 
conductivity, heats of fusion, and 
vaporization, are included). All this 
raises questions about differences be¬ 
tween metals and non-metals, the 
relationship between properties and 
structuie, and about stoichiometric re¬ 
lationships and formulae. These 
questions are discussed in terms of a 


simple model of the atom, in which 
there are gioups of electrons mound a 
positive nucleus, with rare gases hav¬ 
ing stable groups. Several impoitant 
types of leaction are now considered 
m moie detail in terms or this atomic 
model. Reactions between acids and 
bases are followed by measurements of 
electrical conductivity and of heat evo¬ 
lution, and the lesults mterpieted m 
terms of a transfer of protons between 
molecules or ions with unshared pairs 
of elections. Further reactions, m 
which an acid or a base is liberated 
from one of its salts by a stronger acid 
or base, arc then seen to involve a 
competition for protons between two 
donoi molecules or ions The forma¬ 
tion of complex compounds between 
metals and ligands is studied experi¬ 
mentally, and seen to involve a simliar 
transference of acceptor species (now 
metallic cations) between donor mole¬ 
cules 01 ions. And ledox leactions are 
shown often to be best regarded as a 
transfei of electrons from one atom, 
molecule, or ion to another. The rela¬ 
tive strengths of oxidizing and reducing 
agents can be defined in terms of a 
competition for electrons, just as the 
relative stiengths of donoi species 
might be assessed through the compe¬ 
tition for protons or cations. For redox 
reactions, however, the measurement of 
electrical potentials provides an easy 
and convenient method of determining 
these stiengths experimentally. 

The topics so far described occupy 
the first term. The remainder of the 
course will now be outlined in less 
detail. A study of electricity is sug¬ 
gested, not only by the pupils’ previous 
experience in this field, but by the 



240 


school science seftember/decembeb 196S 


close connection between electrical 
charges and physical and chemical 
properties suggested by the work al¬ 
ready done. Characteristic phenomena 
occur when electric cliaiges are separa¬ 
ted fiom one another, and charges in 
motion are identified with electric cur¬ 
rents. Particular attention is given to 
capacitors, use being made of the con¬ 
cepts of potential and energy already 
encountered in a dynamical context. 
The stoiage of energy in a dielectric is 
recalled later in the course when mole¬ 
cular dipoles are under consideration 
Current/potential relationships for a 
number of systems are observed, and 
explanations either attempted in terms 
of what is aheady known, or defened. 
Magnetic effects arise when there is 
relative motion between cliaiges, but 
the development of the phenomenon of 
electromagnetic induction is left until 
later. 

The way is now open for a systema¬ 
tic consideration of the evidence bear¬ 
ing on atomic structure. Electrons from 
heated filaments can be deflected both 
magnetically and electrically, and suit¬ 
able airangeinents of the deflecting 
fields enable the ratio e/m to be found. 
Consideration of Millikan’s experiment 
provides evidence for the particulate 
natuie of electricity and gives a value 
fore Knowing the Faraday, A.voga- 
dro’s number can be calculated. The 
mass spectiometer principle can be 
understood, and Rutherford’s scattenng 
experiments looked at, as evidence for 
a nuclear atom. Information for 
chemical properties (periodicity, etc,) 
and from electron-impact experiments 
indicates that the electrons in atoms 
are in definite energy—states, (Specto- 


scopic evidence will probably be de¬ 
fened.) The picture of ionic and 
covalent bonding hitheito used can 
now be made slightly more precise. 
The energetics of the formation of 
ionic ciystals is discussed in terms of 
ionization energies, electron affinites 
etc., and molecular polarity considered 
on a simple electiostatic basis. Deduc¬ 
tions about molecular geometry are 
made from the principle of lepulsion of 
electron-pairs, and packing arrange¬ 
ments for spherical ions explored with 
the help of polystyrene spheies, 

The propel ties of real gases, especial¬ 
ly critical phenomena, show that both 
attractive and repulsive mtennolecular 
forces exist, that is, when two mole¬ 
cules approach one another, the poten¬ 
tial energy of the system decieases to 
a minimum, and uses sbaiply as they 
come still closer together. Information 
about the shape of such curves is ob¬ 
tained from surface tensions and heats 
of vaporization, and such properties as 
tensile strength, thermal expansion, etc,, 
aie then discussed. In this preliminary 
treatment of the connection between 
large-scale properties and intermole- 
cular forces, no account is taken of the 
effect of the specific structural features 
of solids. This will be examined later, 
when something is known of the evi¬ 
dence for solid stiuctures. 

Chemical equilibria are considered 
m detail. Some of the guiding princi¬ 
ples have been suggested by previous 
work on phase equilibria, on redox 
potentials and on the idea of a compe¬ 
tition for protons or cations between 
bases or ligands. The formal equilibri¬ 
um relationship is stated without proof, 
and is verified by measurements on 
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suitable systems. Its application is 
illustrated mainly by systems involving 
j ons _in paiticulai, by acid-base sys¬ 
tems. 

Previous experimental work on cell 
reactions, phase changes, and equilibria 
geneially, makes possible an clement- 
aiy treatment of the factors which 
determine whether or not a physical or 
chemical change can occui. The un¬ 
organized nature of thermal energy is 
discussed, and the concepts of random¬ 
ness or entropy and free energy are 
introduced. It may then be possible to 
deal briefly with the relationship be¬ 
tween heat and tempeialure 

These preliminary and introductory 
studies on the thermodynamic feasi¬ 
bility of physical and chemical process¬ 
es make it plain that without further 
data, no information is obtainable 
about the rates of such changes or 
about atomic or molecular mechanisms. 
The factors which govern the velocity 
of chemical reactions are therefore 
investigated experimentally. A detailed 
treatment of the results for a few 
selected reactions shows how such 
measurements can, in general, give in¬ 
formation about reaction mechanisms 
in teims of the movements and energies 
of the molecules concerned. 

Both the movements of macroscopic 
bodies and the possible motions of 
molecules, suggest a study of motion in 
a circle and of angular momentum and 
energy, and this can lead to a treat¬ 
ment of simple harmonic motion. But 
the kinetic and potential cneigy associ¬ 
ated with a single harmonic oscillator 
also has significance for molecular 
dynamics and heat capacities. Electri¬ 
cal oscillations are considered, and an 


examination of vibrations in coupled 
systems shows how energy can be 
transfen ed by wave motion These 
various lines of investigation conveige 
m an extended study of electromag¬ 
netic radiation. Interference and dif¬ 
fraction and polarization pioperties aie 
observed for vanous wavelengths, but 
the photoelectric effect indicates that 
radiation also has particulate charac¬ 
teristics. Observations of the absorp¬ 
tion and emission of radiation of 
vanous wavelengths are related as far 
as possible, to the accompanying atomic 
and molecular processes It is then 
seen, in principle, how the results of 
such measurements can be used to 
derive information about the stiuctures 
and dynamics of molecules and of 
crystals. 

The ideas of bonding, structure, 
equilibrium, kinetics, energetics, etc., 
so far developed, are applied to the 
detailed experimental study of one or 
two elements and their compounds. We 
believe it better to employ the available 
time in this way, than to attempt a 
superficial survey of a largei number of 
elements. Tins study involves the pre¬ 
paration of compounds in the various 
oxidation states of the element, and the 
determination of their compositions and 
properties. Rates of reactions are 
measured and where possible aie related 
to mechanisms, and the relative stabil¬ 
ities of different oxidation states are 
assessed. In this way, (for instance, 
by studying a typical non-metal and a 
transition element) first-hand experi¬ 
ence is gained of some important types 
of chemical and physical behaviour. 

In older to obtain greater insight 
into the reactions of covalent com- 



242 


SCHOOL science september/december 1968 


pounds and the dependence of their 
physical piopexties on structure, it is 
desirable to deal with series of closely 
related molecules. For this reason, as 
well as foi its piactical impoitance, 
much attention is devoted to the re¬ 
actions and propel ties of organic com¬ 
pounds. The chemistry of carbon is 
examined m relation to that of neigh¬ 
bouring elements in the periodic table 
so as to distinguish the factois which 
give it such an extensive chemistry 
Aliphatic and aiomatic compounds are 
studied side-by-side, and the emphasis 
is on the way in which diffeient types 
of reagent affect different kinds of 
bond Practical work is dnected to 
an examination of how equilibrium and 
kinetic factois determine reaction pio- 
ducts under various conditions. 

In the later part of the course theie 
is a detailed examination of the rela¬ 
tionship between microscopic structuie 
and forces and macroscopic properties, 
for a selected class of materials such as 
metals or high polymers. 

In all this, piactical woik is much 
moie important than in conventional 
A-level courses. In addition, the 
equivalent of about half a term is 
given to a specihc project. This can 
be either a small research-type investi¬ 
gation, oi the design and construction 
of a piece of equipment, 01 the study 
in depth of a particular part of the 
course. 

School Trials 

Duiing 1966-67, the course is being 
tned in sixteen schools, and work conti¬ 
nues on course development, involving 
the circulation of diafts, general dis¬ 
cussion, and consideration of the ex¬ 


perience of the schools in teaching the 
couise, We have already had much 
help from univeisity teachers through 
their membership of working parties 
set up to advise on methods of pre¬ 
senting specific topics, and we aie at 
present considering ways in which we 
can best continue to call on their help 
and goodwill. The trials schools aie 
submitting detailed leports at frequent 
intervals on the woik done, and each 
school will receive at least one visit a 
teim fiom a membei of the physical 
science gioup There will also be a 
thiee-day discussion each term be¬ 
tween the physical science gioup and 
the teachers fiom the trials schools. 
Because of this methods of working, 
and because work done in later terms 
of the course must depend on the ex¬ 
perience of the eailier terms, we can 
not at this stage give more Qian an out¬ 
line of what we hope to cover. 

Most of the trials schools are allow¬ 
ing nine periods a week foi physical 
science, and have airanged for both 
the the physicist and the chemist con¬ 
cerned with the course to be jointly 
timetabled with the physical science 
set for some at least of these periods. 
It is hoped that each teacher will thus 
become familiar with unfamihai paits 
of the course, and that experience will 
be gained with ‘team teaching’. 

Apparatus and Teaching Aids 

Experiments are being devised and 
apparatus developed, in cooperation 
with the groups producing the Nuffield 
A-level courses in physics and in 
chemistry. Ariangements are also being 
made for the joint production of film 
loops and programmed texts. 
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We cannot give a meaningful esti¬ 
mate of the cost of establishing the 
couise, because this will depend so 
much on the existing equipment pos¬ 
sessed by a school. We are, howevei, 
deteimmcd to keep this cost as low as 
possible. We feel we can reasonably 
ask schools to pm chase instruments 
which will be used time and again in 
the couise (e.g. a D.C. amplifier or a 
photoelectlic colorimeter), but not ap¬ 
paratus winch will be used only once 
or twice. 

The Conduct and Form of the A-level 
Examination in Physical Science 

The Cambridge Local Examinations 
Syndicate is to be responsible, on be¬ 
half of all the examining Boards, for 
the conduct of A-level examinations in 
physical science, in 1968, 1969, and 
1970. This will be taken by all those 
who have followed the Nuffield physi¬ 
cal science course, regardless of the 
normal G.C.E. arrangements at the 
trials schools Of the four examiners, 
two have been appointed by the Cam- 
budge Syndicate, and two are mem- 
beis of the physical science group. The 
A-level papeis will be set in the light 
of experience in the schools during the 
tnals A common written test will be 
taken each term by all the trials 
schools, and will include new types of 
questions and questions on topics which 
may not previously have been examined 
at this level. The A-level examination 
will include a ‘special’ paper but no prac¬ 
tical test. The examiners are considering 
liow best to assess the practical work 
done by pupils throughout the course. 

A committee comprising representa¬ 
tives of the Cambridge syndicate and 


of the other Boards, and of the Nuffield 
Science Teaching Project, will watch 
the piogicss of the trials from the point 
of view of the G C.E. examining Boards 
genei ally 

If physical science as an A-level sub¬ 
ject gams increasing acceptance by 
schools and universities, syllabuses aie 
likely to be published by individual 
Boards. (Both the N.U.J.M.B. and the 
Cambudge syndicate have already 
begun to draw up such syllabuses, 
quite independently of the Nuffield 
enteiprise). It may be howevei, that 
the special anangements outlined 
above will need to be continued for a 
yeai or so after 1970. 

Publications in Preparation 

It is the piesent intention of the 
Nuffield Science Teaching Project to 
publish the mateuals produced for all 
the A-level courses in the summer of 
1970 

For physical science we hope at pie- 
sent to pioduce the following books: 

1. An introduction and guide to the 
general philosophy of the course. 

2. A detailed teacheis’ guide, which 
will include information about ap¬ 
paratus, demonstrations and class 
experiments, and projects. 

3 A compendium of information for 
the pupil, issued as loose pages or as 
a book with tear-out sheets. Such 
material may include straightforward 
exposition, experimental directions, 
repnnts of portions of scientific papers, 
etc. 

4. Possibly a book of questions and 
problems. 

Certain other materials may be pro¬ 
duced and published, in conjunction 
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with the other Nuffield A-level gioups. 
These may include a book of data, 
film loops, progiammed texts, and 
hackgiound leaders. 

THE NUFFIELD FOUNDATION 
A-LEVEL CHEMISTRY COURSE 

Pbinqfal aims of the coubse 

The chemistry course is based firmly 
on establishing thiee concepts of funda¬ 
mental importance in the study of 
chemical systems: the Central position 
of energetics m determining the feasi¬ 
bility and outcome of reactions, the 
relationships between the structure of 
substances and their properties, and 
the unifying pattern provided by the 
Periodic Table. In choosing material 
for study, the ability of a topic to 
illuminate one or more of these con¬ 
cepts has been used as a primary 
criterion foi selection The intention 
is to integrate as fully as possible the 
physical, inorganic, and organic aspects, 
and to emphasize the generality of the 
physical principles. 

A positive attempt is being made to 
illustrate principles by using, where 
appropriate, examples from the fields of 
metallurgy, biochemistry, agricultural 
science, medicine, and chemical engi¬ 
neering. This is being done partly be¬ 
cause the close relationship of the 
subjects demands it, and partly because 
pupils can scaicely he expected serious¬ 
ly to consider a career in one of these 
fields unless they are made aware of 
their existence and of something of 
theii nature, scope and challenge. For 
similar reasons, economic effects and 
social changes which have resulted 
from developments in chemistry are 


aspects of the subject with which a 
sixth form pupil should be familiar. 
Engendering an appreciation of some 
of these aspects forms part of the course 
together with a realization that the 
pure science of today becomes the ap¬ 
plied science of tomorrow. 

The body of knowledge which is ac¬ 
quired in the piocess of undergoing a 
course is determined by the course con¬ 
tent, but the attitudes of mind and the 
personal qualities which are developed 
depend upon the teaching methods 
which are used, In the integiated pat¬ 
tern of expeimiental work and theory 
in the chemistry course the expenments 
are chosen so as to elicit basic princi¬ 
ples, and the greater proportion are 
passed in the form of questions. The pu¬ 
pils aie expected to suggest experiments 
which m ght lead to answers to the ques¬ 
tions, Pupils aie led to suggest models 
by which chemical beliavioui may be 
understood, to suggest consequences of 
these, and to search for confirmation. 
The intention is that in these ways, by 
seeking answeis to leading questions, 
by the planning of experimental work, 
and bythe forming their own inter¬ 
pretations and conclusions, pupils will 
be piovided with opportunities for 
developing an inquiring attitude of 
mind, self-reliance, and imaginative 
thinking 

It will be apparent that the employ¬ 
ment of these methods consumes more 
time than the traditional teaching and 
learning methods; and a corollary is 
that fewer items of chemistry can be 
consideied in given time than is done 
in traditional courses. It is the belief 
of the teams involved in compiling the 
course that a greater understanding 
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and a more inquiring, critical, and self- 
leliant appioach will more than offset 
the reduction m subject-mattei. 

If the aims outlined above are to be 
fully realized m schools some changes 
m examining methods will be requued. 
These will entail new types of questions 
and new methods of assessment, parti¬ 
cularly of pupils practical ability. 
Questions to test understanding rather 
than memoiy, which encouiage critical 
appraisal of ideas, and stimulate im¬ 
aginative thinking must appear more 
frequently in examination papeis than 
has been customary m the past. The 
framing and testing of such questions 
is a pait of the work of the Project 

The Students for whom the Course is 
Designed 

The course is for students of chemis¬ 
try in the sixth form; but these aie 
very diverse in the uses which they 
will subsequently make of their sixth 
form studies. Four principal categories 
of pupils may be seen. There are the 
future degree scientists, those who will 
study the subject at a univeisity or 
other institution of further education 
and who may pursue careers in pure 
01 applied science There are those 
who will continue the study of science 
in further education, taking profes¬ 
sional examinations, some of which are 
of degree level and which range 
through the National Certificates, this 
group coveis a wide field of careers, 
as different as laboratory technicians 
and nurses A further group consists of 
future degree-level students, but whose 
subsequent studies will not be in 
chemistry; these include students for 
professional examinations in careers as 


solicitois, barristers, bankers, charteied 
accountants, and also those who will 
study undergiaduate couises in such 
subjects as the social sciences. In ad¬ 
dition to these three gioups there is a 
fouith: the increasing number of pupils 
who spend one or two years in the 
sixth form and who undertake a re¬ 
latively shoit couise of futher train¬ 
ing after leaving schol, entering a wide 
range of occupations. 

No single sixth form course in 
chemistiy can piovide adequately for 
each of diese groups Sixth form 
studies have a prime responsibility for 
futuie degree students, and must give 
a sound basis foi further study at that 
level, they must provide opportunities 
for stretching the minds of the most 
able. But at the same time they have 
a responsibility to the other groups, 
particularly those who will continue 
with a professional training. The sixth 
form course must provide a suitable 
preliminary to this, be within the abili¬ 
ties of the pupils concerned, and be 
seen to be relevant to their needs and 
interests. 

The course must therefore be reason¬ 
ably satisfying and complete in itself, 
not one which finds its full realisation 
only after a further three years of study 
at a university level. The Nuffield Pro¬ 
ject attempts to reassess the quality of 
subject material which is practicable as 
the content of a two-year sixth form 
course. 

Provisional Synopsis of Course Content 

Topic 1. An initial look at the periodic 
table (3 weeks). 

Periodicity of physical properties 
from graphical representation of data. 
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Atomic weight and atomic numbei 
ordei. Preparation and analysis of the 
chlorides of the elements Na to S as 
indication of tiend of chemical behavi¬ 
our and of stoichiometiical relation¬ 
ships. Extended (laigely experimental) 
suivey of chemical behaviour and for¬ 
mulae to include halides, oxides, and 
hydiidcs of Peiiods 2 and 3. Brief his¬ 
torical background to the Periodic 
Table. 

Topic 2. Avogadio’s numbei, and the 
mole (4 week) 

The mole as and Avogadro numbei 
of particles, including atoms, ions, elec¬ 
trons, and molecules 

The thin film, oil diop experiment 
demonsti ated and less approximate value 
for N obtained, N calculated from a 
ladioactivity method, and from the 
Faiaday and the charge on the electron. 
Topic 3. The gas laws, and molecular 
weights (1 week), 

Ratios of combining volumes of gases. 
Avogadro’s explanation. The ideal gas 
equation, PV=nRT. Experimental 
determination of moleculai weights of 
gases and volatile liquids, based on the 
gas equation. 

Topic 4. Oxidation states: Oxidation 
and reduction (1 week). 

Revision of electrochemical series 
Relative nature of terms electropositive 
and electronegative, The oxidation 
state concept. Rules for assigning oxi¬ 
dation states Oxidation state charts. 
Oxidation and reduction as increase oi 
decrease of oxidation state. 

Experimental survey of oxidation 
states of manganese. Oxidation states 
and periodicity 

Stoichiometry of a redox reaction 
established experimentally, e.g. per¬ 


manganate/iron (11). 

Topic 5. Atomic structure and energy 
levels in atoms ( 2 - 2 -). 

The nucleus, the woik of Geigei and 
Maisdcn, Moseley and Rutheiford; 
atomic number. Isotopes. The use of 
the mass spectrometer in the deteimi- 
nation of atomic weights; calculation of 
atomic weights from mass spectiometei 
lesults. 

Evidence foi the arrangement of 
elections m energy levels, demonstra¬ 
tion of excitation and ionization of 
helium by electron impact; class ob¬ 
servation of emission of spectia of a 
lange of elements, using direct vision 
spectroscopes or giatings. Relationship 
between eneigy levels and spectral 
lines; and ionization eneigy fiom a 
convergance limit. 

Successive ionization energies for 
selected elements. 

The terms s,p, and d elections, as 
representing energy levels; spatial dis¬ 
tribution of electrons (but not of p 
and d elections). 

Radioactivity and the stmctuie of the 
nucleus, stable and unstable gioupings 
of protons and neutions. 

Topic 6. Periodic Table studies conti¬ 
nued, s and p block elements (3 weeks) 

Experimental investigation of pro¬ 
perties of some compounds of Na, Mg, 
Ca, Sr, Ba, A1 and of the behaviour of 
ions of these in aqueous solution. 

Experimental investigation of pro¬ 
perties of some compounds of Na, Mg, 
Ga, Si, Ba, A1 and of the behaviour of 
ions of these in aqueous solution. 

Experimental investigabon of Ci, Br, 
I, and their compounds. 

Interpretation of results of above 
studies in terms of atomic structure 
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(including ion charge and ionic radius) 
and oxidation states. 

Stoichiometry of S O — (aq)/ I (aq) 
icaction derived practically. 

Topic 7. Eneigy changes, and bonding 
(2& weeks). 

Expeiiments to indicate the specific 
contributions of individual bonds to 
over-all energy changes: enthalpies of 
combustion of a homologous series of 
alcohols, enthalpies of neutralization. 

Enthalpies of formation and bond 
energy terms; discrepancies between 
predicted and experimental values for 
enthalpies of formtaion leading to 
structuial interpietation, e.g. stiain in 
cycloalkanes, structure of benzene. 

Born-Haber cycles, lattice-energy. 
Topic 8. Stiucture and banding ( 2i ) 
weeks 

X-ray diffraction: the Biagg equation, 
ripple tank and optical analogues of 
X-iay diffraction, as demonstrations. 
Some ciystal structures to illustrate co¬ 
ordination number. The Avogadro 
Number from X-ray evidence. 

A Lewis-Langmuir approach to the 
stoichiometry of compounds, using 
electroncounting, ionic and covalent 
bonds; the gradation between ionic 
and covalent bonds; polaiization. Elec- 
tionegativity. The metallic bond. 

Shapes of molecules, in terms of 
repulsion between bonds and lone 
pairs of electrons. 

Overlap of electron clouds as piovid- 
ing the binding force in covalent bonds. 
The bent bond approach to multiple 
bonds. X-ray evidence for the sym¬ 
metry of the acetate ion and die ben¬ 
zene ring, delocalization of electrons; 
stabilization energy of benzene. 

Topic 9 Caibon ohemistry-Part 1 (8 


weeks). 

Chemical and physical stages m the 
establishment of stiuctural foimulae, 
the mass spectrometer in the analysis 
of carboncompounds The ideas of 
alkyl groups, functional gioups, and 
isomeiism piesented as the lesults of 
structural studies. 

Hydrocaibons-Experimental study of 
the effects of changing shapes of mole¬ 
cules on physical properties of hydro- 
caibons. Experimental study of the 
chemical propeities of some hydro¬ 
carbons, including hexane, cyclohexane, 
cyclohexene. and benzene. Oil as a 
source of hydrocaibon fuels and petro¬ 
chemicals 

Alcohols-ReacLions of ethanol studied 
expermentally; homolytic and heteroly- 
tic fission intioduced in discussing the 
reactions. Laboratory pieparation of 
some compounds from ethanol. Other 
alcohols. Industrial imporance of 
alcohols 

Phenol-Pioperties studied experimental¬ 
ly. Increased acidity of the —OH 
group when attached to a benzene 
ring, its explanation in terms of deloca¬ 
lization of an oxygen lone pair of 
electrons. Preparation of phenyl 
benzene ring illustrated by ease of 
brommation and nitration 
Caiboxylic acids-Experimental study of 
the reactions of acetic acid, and the 
pieparation of some compounds 
fiom it. Inci eased acidity of an —OH 
group when in the carboxylic acid 
group, explanation in terms of the dis¬ 
tribution of electrons. Other car¬ 
boxylic acids. 

Alkyl halides, aryl halides, and acyl 
halides—Experimental study of the 
pioperties of the alkyl halides, includ- 



248 


SCUOOL SCIENCE 


september/december 1968 


ing the influence of the alkyl group on 
the rates of hydiolysis and dehydro- 
halogenation. Lack of reactivity of 
chloiine in chlorobenzene; explanation 
in terms of delocalization of chlorme 
lone pair. Influence of -Cl on the 
benezene ring, mechanism of nitration 
and bromination. Properties of acyl 
halides studied experimentally. Uses 
of organic halogen compounds. 
Alkenes-lndustrial production. Pro¬ 
perties studied experimentally. Addi¬ 
tion, substitution, and elimination re¬ 
actions compared, Uses of alkenes and 
polyalkenes. Ketones and aldehydes- 
Diflerences between addition to alkenes 
and addition to a carbonyl group found 
experimentally; nucleophilic and elect¬ 
rophilic attack. Identification of a 
caibonyl compound by preparing a 
derivative. 

Amines-Experimental investigation of 
1-aminobutane and aniline. 2-amino- 
butane, optical isomerism of compounds 
containing one asymmetric carbon 
atom. 

Compounds containing two different 
functional groups-Experimental study 
of glycine and other amino-acids; paper 
electrophoresis. Biological importance 
of amines and amino acids. 

General methods of preparation-This 
covers all the classes of compounds 
studied 

Pioblems in synthesis—This includes 
experimental work. Stages in elucidat¬ 
ing the structure of a complex sub¬ 
stance Qualitative discussion includ 
ing chemical evidence, physical evi¬ 
dence, and confirmation by synthesis. 
Topic 10, Phase equilibria, and distil¬ 
lation (2£ weeks). 

Experiment to obtain vapour pres¬ 


sure/temperature relationship for 
liquid/vapour system, plotting log 
vapor pressure against 1/T, and con¬ 
nection with Hvap, Discussion of 
complete phase diagiam for a one 
component system. Van der Waal’s 
forces. 

Experimental deteimination of boil¬ 
ing points of liqmd/liquid mixtures to 
reveal ideal and non-ideal behaviour 
Non-ideality interpreted in terms of 
inteimolecular bonding (in hydrogen- 
bonded systems). 

Experimental determination of some 
enthalpies of mixing, as further evi¬ 
dence of inLermolecular bonding. The 
implications of these ideas foi distilla¬ 
tion; experiment to determine the 
composition of liquid and vapor during 
the distillation of a non-ideal mixture. 
Topic 11. Hydrogen bonding (lweek). 

Anomalous pioperties of hydrides in 
Groups IVB, VB, VIB, and VIIB in 
the periodic table. 

The structure of ice, and of water. 

An approximate value for the strength 
of the hydrogen bond derived experi¬ 
mentally from enthalpy of mixing. 

Further examples of hydrogen bond¬ 
ing in organic and inorganic systems. 
Topic 12. Solvation (1£ weeks). 

Experimental study of systems in¬ 
volving anhydrous salts and water; 
enthalpy changes; changes in total 
volume. 

Similai studies with non-aqueous 
solvents. Ion-solvent complexes. 

Topic 13. Equilibria: gaseous and 

ionic (5 weeks). 

Qualitative experimental study of 
equilibria. Quantitative experiments 
leading to establishment of equilibrium 
law. Application of law to gaseous 
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cquilibiia. 

Experimental establishment of the 
equilibiium law for a system involving 
inns. 

Experimental studies of redox eqm- 
libiia arising from electrontransfei tn 
element/ ion and ion/ ion reactions. 
Concentiation cells. Electrode potential 
measurements. Standaid redox poten¬ 
tials, use to predict possible reactions, 
checking predictions by test-tube 
expeiiments, 

Acid/base equilibria arising from 
pioton transfei. Experimental study of 
pH and its measurement, strengths of 
acids and bases, titiation curves, buffer 
solutions, acid/base indicators. 

Topic 14. Some d block elements 
(2 weeks). 

Expeiimental study of variable oxi¬ 
dation states (manganese has been 
dealt with earlier, m Topic 4) Com¬ 
plex formation m solution (link with 
Topic 12); stability constants (link 
with Topic 13). The transition ele¬ 
ments and their compounds as catalysts. 
Some alloys and then uses Tiansition 
element compounds m living organisms. 
Topic 15. Reaction rates (4J weeks). 

Qualitative experimental study of the 
reaction between peimanganale ions 
and oxalate ions to indicate effect of 
conditions on rate, autocatalysis, mtei- 
mediate steps m reaction, and to lead 
to speculation about a possible 
mechanism 

Detailed experimental study of a first 
order and a second order reaction to 
bring out the essential features of these, 
including relation between half-life 
time and intial concentration. 

Experimental investigation of a re¬ 
action in which the rate law is not 


related to the stoichiometiic equation. 

Simple collision theory of reaction 
rates, inadequacy of this, activation 
eneigies and tiansition complexes, func¬ 
tion of catalysts in increasing reaction 
rate. Expernnental study of some 
aspects of catalysis, e.g. photo catalysis, 
enzyme action. 

Topic 16. Equilibrium, fiee energy and 
entropy (3 weeks). 

Experimental study of a range of 
spontaneous reactions (including some 
which aie endothermic). —H value 
not always only factor determining 
spontaneity. Spontaneity and value 
equilibrium constant (K) Plot of the 
log K against I/T to introduce relation¬ 
ship 2.303 log K=AH/ RT-f constant. 

Work done during energy transfer 
between system and environment for 
mechanical systems (where limiting 
thermal energy equals, in pnnciple, 
limiting optional woik). Limiting 
optional work as measuie of changes 
fiom cell cfm measuiement (G- 
nef) G and picdiction of spontaneity 
(arising fiom use of E values for this 
purpose in Topic 13) Standard bee 
eneigies of formation and their uses. 

Experimental evidence to support 
the relationship G= H—T constant. 
Hence G should not always equal H 
m chemical systems (contrast with 
mechanical systems). 

Expeiimental measurement of G and 
H for a icdox reaction. Identification 
of constant in above expression with 
entropy change (change in number of 
ways system can hold a given amount 
of energy). Units foi entiopy G= 
H—T S Absolute entropy values. 
Methods of measuring entiopy. 

Values of H and S relatively in- 
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sensitive to temperature change (link 
with H and bonding studied eailiei). 
Discussion of relative magnitude of G, 
H and T S factois for a range of re¬ 
presentative reactions. Limitations of 
use of G values foi piedictive purposes 
since they give no information about 
die rate at which a change can pro¬ 
ceed. 

Topic 17. Caibon chemistry-pait 11 
(4 weeks). 

Natural compounds—Examples of die 
range of types of compounds present 
m nature including among others re¬ 
presentative fats, carbohydrates, and 
pioteins, vitamins, antiteins etc. Ex- 
penmental hydiolysis of proteins and 
the separation and identification of 
the resulting ammo-acids chiomato- 
graphically. Structuies of proteins, 
and die importance of hydrogen bond¬ 
ing. Template mechanism of synthesis 
of proteins, Breakdown of proteins in 
the body to urea. Wool and hair as 
proteins, 

Syndietic compounds-The polymeri¬ 
zation of alkenes, including an 
experimental investigation of the 
polymerization of styrene, Experi¬ 
mental investigation of the physical 
and chemical properties of die polymers 
and theii relation with structure, Dis¬ 
tinction between thermoplastic and 
thermosetting plastics. 

Synthesis of substitutes for natural 
products—These are illustrated by an 
experimental study of the detergency 
of sodium salts of carboxylic acids and 
its relation to structure; preparation of 
synthetic detergents. 

Topic 18. Further periodic Table 
study (2 weeks). 

Treatment will depend to a large 


extent on the elements selected but 
will included consideration of stiuegui- 
nctiy, structure, energetics and rates, 
Wheie appropriate, attention will be 
dhccled to technological, economic, 
and social aspects of the selected 
elements and their compounds. 

Suitable elements for study include 
nitiogen, phosphorous, and sulphur. 

Topic 19 Special Studies (7 weeks). 

This section is intended to provide 
opportunities for using again, in new 
contexts, the principles studied earlier 
m the couise and foi seeing something 
of the scope of neighbouring subjects 
which aie based on chemical principles. 
The intention is also to show pupils 
something of the applications and chemi¬ 
cal engineering of the subjects, and 
of their social and economic effects 
Theie will be an opportunity for 
pupils to undertake a project. Two 
topics aie to be selected from the fol¬ 
lowing lisL: 

Metallurgy 

Chemical Engineering 
either Biochemistry or Food Science 
Instrumental Methods of Ana¬ 
lysis Ion Exchange Processes 
Natuial and Synthetic Fibres. 

Total Content and Time 

A week is taken to contain seven 
periods of forty-five minutes each and 
two hours of homewoik. A two year 
sixth form couise may be taken to 
contain 53 weeks which are available 
for the study of new material, and a 
few weeks for revision before the A- 
Ievel examination. 

The present tentative course over¬ 
runs the time available by a few weeks, 
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and some further reduction in content 
will be necessary. 

School Trials 

Trials of the material produced 
during the first yeai of the Project’s 
work began in September, 1966, 
Twelve schools, selected to give a 
reasonable range of pupil ability, type 
of school and geographical distribution, 
have agreed to allow one or more of 
their sixth form sets to follow a com¬ 
plete two years couise. In all some 
259 pupils are involved in these trials, 
They will take a special A-level exami¬ 
nation in the summer of 1968. 

Publications being prepared 

1. Teachers’ Guide : This suggests 
lines of treatment for the topics in the 
course. In its general plan this is 
similar to the corresponding publica¬ 
tion of the O-level project. 

2. Pupils’ Guide to Expeiimental 
Investigations. 

3. Data Sheets: For use in discussing 
pioblems and ideas arising from experi¬ 
mental work, and to provide informa¬ 
tion needed m answering questions set 
for homework and in examinations, 

4 Information for Pupils: This pro¬ 
vides a ceitain amount of textbook 
material that does not appear in exist¬ 
ing school texts. It also discusses ap¬ 
plications of chemical principles to 


related fields of study, uses of sub¬ 
stances studied in classwork, extracts 
from original papers and other publish¬ 
ed material, and general background 
leading designed to provide new fields 
of interest. 

5. Specimen Problems: This will 
cover all aspects of the work done, not 
being confined to numerical problems 
only, A lange of questions of different 
types (open-ended, short answer, ob¬ 
jective, etc ) is provided. 

In addition to the above items, plans 
aie being made for the production of a 
seiles of films and film loops to illus¬ 
trate areas of the subject best treated 
in this way. Consideration is being 
given also to the publication of a text¬ 
book for use by pupils, 

Working Parties 

These have been set up to serve all 
the physical Sciences projects. Their 
composition vaiies slightly but, in gen» 
eial, each includes a university pro¬ 
fessor, a university lecturer, a school 
teachei, and a member of the Head¬ 
quarters team. Similar Working Parties 
are being established to deal with each 
of the Special Studies in Topic 19. 

The purposes of the working parties 
are to provide expert advice on content 
and possible methods of presentation, 
and to ensure that the approach adopt¬ 
ed in the couise will be suited to the 
needs of future university students. 




Great Dutch Pioneers of 
Scientific Research: Hendrik 
Antoon Lorentz 


From Light Phenomena to the Theory 
of Relativity — Part I 


I T is not eveiyone who learns to use 
a logarithm table at the age of ten, 
lives to be 75 and, at that age, is able 
to look back on professorships span¬ 
ning moie than half a century Such 
men are few, and they belong to a 
select band of scientists. One such 
man was Hendrik Antoon Lorentz. 
Born in 1853 at Arnhem, he obtained 
his Doctorate at the age of twenty 
thiee with a thesis on the reflection and 
refiaction of light. Two years later he 
was teaching theoretical physics at the 
famous university of Leyden In addi¬ 


tion to perfecting the "classical” phy¬ 
sics, heralded by the works of Galileo, 
Huygens and Newton, Loientz achiev¬ 
ed international fame by laying the 
foundations for physics as we under¬ 
stand it today including the theory of 
lelativily developed by Einstein and 
modem nuclear theory. His method of 
calculating tidal curients and flood tides 
—which was of inestimable value in the 
plan which lesulled in the damming of 
the Zuyder Zee—is still in use. 

Let us make a journey through the 
land of adventure in which Lorentz set 
out to lay a path of science almost a 
centuiy ago; a land of labyrinths and 
cul de sacs. 

His thesis, written in 1875, was im¬ 
mediately lecogmzed as a work of im¬ 
portance. In it, he lent gieat support to 
Maxwell’s tlieoiy that light consisted 
of electromagnetic vibiations moving 
tin ongh what was known as the ether 
indeed Loientz employed this theory as 
a basis foi calculating the laws govern¬ 
ing the reflection and refraction of light 
Twenty years later, he developed Max¬ 
well’s theoiy into what we know as the 
electron theory, He envisaged charged 
atomic particles which, when caused to 
vibrate, acted as a moving charge and 
thus ladiated electromagnetic vibiations; 
in other words, light. And he deduced 
that a moving charge—which was, in 
fact, an electrical current—would emit 
rays of a somewhat different wavelength 
if subjected to the influence of a magne¬ 
tic field. This theory, postulated by 
Lorentz when he was 42, was pioved 
by Prof. Pieter Zeeman of the university 
of Amsterdam a year later, Zeeman plac¬ 
ed a sodium lamp between the poles of 
a powerful electromagnet; he found 
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that when current was applied to the 
magnet, a slight variation in the wave¬ 
length of the light emitted by the lamp 
could be observed. With the aid of 
this Zeeman effect, as it became known, 
Lorentz pointed the way to the dis¬ 
covery of the charge and mass of the 
ion or electron—the charged particle of 
the atom which formed the basis of his 
theory. We now know that the charge 
is negative and that the mass is 1/1834 
of that of a hydrogen atom. 

The work of Prof. Zeeman is describ¬ 
ed in another book in this series. The 
theory developed by Lorentz and the 
tests carried out by Zeeman led to the 
making of the first model of a hydrogen 
atom, consisting of a positively—charg¬ 
ed nucleus and a negative electron 
l/1834th its size. Lorentz and Zeeman 
were jointly awarded the 1902 Nobel 
prize for physics for their work in this 
field. The atom model was gradually 
improved, the one developed by Niels 
Bohr still being of value for many pur¬ 
poses. 

Lorentz’s gift for presenting the most 
complicated problems in a plain and in¬ 
telligible manner enabled him to excel 
as a tutor; by the same token he was 
a born chairman. It is said that he 
once gave an explanation of the theory 
of relativity to a foieign colleague in 
the presence of Einstein, and that when 
he had finished Einstein remarked that 
he had never before understood the 
concept of relativity so well, In ordei 


that the utmost benefit might be deriv¬ 
ed fiom his exceptional powers of tea¬ 
ching, he was made a professor ex- 
traordinarius oil reaching the age of 
seventy-at which age professors are ex¬ 
pected to retire—and was thus able to 
continue giving lectures. This he con¬ 
tinued to do until his death five years 
later. 

Hendrik Antoon Lorentz was known 
and admired through out the world. 
He presided over innumerable inter¬ 
national congresses, and gave many 
lectuies abioad, including seiies at 
Columbia Univeisily in New York, the 
College de Fiance (1915), and at in¬ 
stitutes in Pasadena, California, etc. 
After the First Woild Wai, he threw 
himself heart and soul into the task 
of bringing about the restoration of 
international scientific relations 

With his death in 1928, the world 
lost a figure of examplary modesty, 
kindness and irrepressible spirit and 
humour; but his scientific achievements 
have lost none of their significance. 

His electrons theory, developed upon 
the work of Maxwell, paved the way 
to our present nuclear theories. His 
views on the nature of light led him 
to conclusions eventually used by 
Einstein as a foundation for his theory 
of relativity Thus, the Dutch physi¬ 
cist Lorentz can be considered a scien¬ 
tist of our day even though he was 
born more than a century ago. 

Courtesy. Radio Netherlands 



Homo, Jfflns 


already spent two yeais as a research 
assistant at the Yale univeisity obser¬ 
vatory in Newhaven, Connecticut. In 
1926, the yeai in which he graduated, 
he was appointed to an external teach¬ 
ing posL at Leyden university. At thir¬ 
ty, he became a lecturci, and five years 


AUTOCRAT OF THE 
GALAXY 


Jan Hendrik Oort 


A colleague of Piofessor Jan Oort 
is said to have remarked, “If you 
speak to him on the telephone, you 
have to listen very carefully because 
he speaks so softly. If the subject 
of the conversation is astronomy, 
listen twice as carefully and you’ll 
hear one of the greatest experts 
of our time thinking aloud.” It is 
also said of Oort in professional circles 
that he is so clevei that he doesn’t 
even know how many honorary degrees 
have been conferred on him; this is 
probably the only joke concerning the 
man who is in circulation. 

Oort was twenty six years old when 
he obtained his doctoiate, and he had 


later, was Assistant Diiectoi of the ob- 
seivatoiy m Leyden. At the end of die 
last wai he assumed the combined post 
of Piofessor and Director of that esta¬ 
blishment. 

In Holland, Ooit was die driving 
foicc behind the development of a new 
science, radio astionomy. Luck and a 
love of walking among the dunes com¬ 
bined to make him the honest finder 
of the first piece of equipment used foi 
observing signals from outer space: an 
abandoned dish aeiial, formeily part of 
a German iadar station, 

In 1956, Queen Juliana conferred an 
honour on Jan Hendrik Oort. The pre¬ 
sentation was made in the small village 
of Dwingelo, in. the East of Holland, 
the spot chosen for what was then the 
largest radio telescope m Eiuope. The 
obseivatory there was laigcly a lesult 
oP his initiative and effort. 

What else does humanity owe to this 
man? It would be quite impossible to 
list all his achievements in a career 
spanning more than forty years, If we 
must choose one outstanding contri¬ 
bution, that must surely be Oort’s work 
in unveiling the mysteries of the struc- 
tuie of die Milky Way. 

Just as, four hundied years earlier, 
Copernicus put forward the dieory that 
the sun, and not the earth, was the cen¬ 
tre of oui planetary system, and that 
the planets rotate around the sun in dif¬ 
ferent oibits and at different speeds, so 
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did Oort proceed to show that the Mil¬ 
ky-Way—of which the sun is but one of 
the hundred thousand million compo¬ 
nents—rotates around its centre, and 
that the stars situated at a great dist¬ 
ance from the centre travel at a slow¬ 
er speed than those closer to it. The 
Oort Constants is the name given to a 
certain combination of forces which gov¬ 
ern tberotation of the Milky Way. Simi¬ 
larly, his work has made it possible to 
chart the spiial structure of the galaxy 
and to study it m detail. It is now pos¬ 
sible, for example, to calculate that 
the sun and the plants m the solar sys¬ 
tem describe a vast orbit aiound the 
the centre of the Milky Way—an Orbit 
which takes two hundred million years 
to complete, 

For his discovenes in this field, and 
his contribution to ladio astronomy, 
Pi of Ooit was awarded the 1966 Vetle- 
scn pnze, an American award, which 
is regarded by equal to Nobel Puzes in 
other sectors of learning. Ooit does not 
typify the modem scientist, bustling 
with efficiency and qualities of leader¬ 
ship, equally, he does not conform to 
the outmoded vision of absent-minded¬ 
ness, long hair, stained clothing and 
dangling shoelacas. His study at the 
Leyden observatory is a model of 
neatness. 

Its occupant is always attentive, but 
his quiet, sometimes hesitating voice 
suggests a lack of self-confidence: he 
is not, however, a man gives to gesti¬ 


culation. In his lectures, he frequently 
gives the impression that something he 
has said flashed into his mind like a 
spark a second beforehand. Tall in sta¬ 
ture, his bearing is suggestive of the 
ascetic. He has great powers of con¬ 
centration, but whether the occupation 
of the moment be playing the piano, 
indulging in a game of table-tennis in 
the Meridian Room of the observa¬ 
tory, long-distance skating or admiring 
a painting, he does not create an im- 
piession of being an impassioned slave. 
Jan Oort is a man of moderate habits. 
He was boin in 1900, the son of a doc¬ 
tor Unlike so many astronomers, he 
was not giipped by the wonders of die 
heavens as a boy He was already a stu¬ 
dent of mathematics and physics at 
Groningen university when he was mov¬ 
ed by his contact with another great 
Dutch astronomei, Prof, Kapteyn, to 
apply himself to studying die stars. He 
has frequently been approached with 
offers of a professorship on die other 
side of the Atlantic But he has always 
declined, He is loyal to Holland, and to 
Leyden in particular But his scientific 
reputation is not bound by any nation¬ 
al frontiers. The American Journal 
‘Look’ once published a list of the hun¬ 
dred greatest contemporary contribu¬ 
tors to politics, science and art. There 
was only one Dutchman on that list, 
and his name was Jan Hendrik Oort. 

Courtesy . Royal Netherlands Em¬ 
bassy, New Delhi. 



Bread Mould 


M. Lakshmanan 

Department of Science Education, 
N.C.E.R.T. 


F OR some unexplainable reason the 
common phycomycete Rhizopus 
nigricans has been known as ‘bread 
mould.’ The implication of this common 
name is often misleading since many 
filametous fungi besides R. nigricans 
grow on bread and are mainly respon¬ 
sible for the spoilage of bread. Occa¬ 
sionally yeast and bacteria may also be 
involved. This fact is known since 1885 
when Smith associated Aspergillus 
glaucus and Mucor mucedo with ‘musty’ 
bread. Herter and Foumet in 1919 re¬ 


ported in addition to R. nigricans eleven 
other species of fungi from the genera 
Aspergillus, Penicillium, Mucor, Rhizo- 
pus and Oospoia, A stiay case of nen- 
rospora sitophila as the sole cause of 
break spoilage is also known (Reed, 
1924). In our own experience species 
of Aspergillus and Penicillium have 
been most commonly associated with 
moldy bread. It is of course a well 
known fact that R. nigricans glows on 
bread every readily when it is inoculat¬ 
ed and put in a moist chamber at the 
light temperature. But many other 
fungi also behave the same way. Our 
knowledge on moldy bread so far does 
not indicate R. nigricans as the princi¬ 
pal oiganism associated with bread 
spoilage. Should we still peipetuate the 
botanical folklore of calling Rhizopus 
nigricans as the biead mould? 

Whatever may be the organising) 
that spoil bread the bakei has a real 
problem trying to control mould growth 
for at least a period of 96 hours the 
'freshness’ period of bread. Bread is 
sterile when it comes out of the even 
and the mould spores settle on it dur¬ 
ing the slicing and packing operations, 
Ultraviolet irradiation while slicing 
the bread has reduced mould growth 
but does not put off the moulds 
completely (owen, 1932) Acetic 
acid when incorporated in bread 
or applied as a weak solution (vine¬ 
gar) on the surface of bread prevented 
or delayed the development of mould. 
Kirby and others (1935, 1937) have 
found that fatty acids are more toxic 
to fungi growing on mould than miner¬ 
al acids oi oiganic acids such as lactic, 
citric, taitanc and maleic. The most 
widely used mould inhibitors of today, 
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are sodium and calcium propionates 
which go by the name ‘mycoban’. 
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A Revolution in World 
Communications 


Improved communications have tra¬ 
ditionally had the effect of shrinking 
the world, making it as easy over the 
years to speak to the other hemisphere 
as it used to be to the other side of 
the village street. 

And techmlogical advances designed 
to meet growing demand for communi¬ 
cations have themselves stimulated de¬ 
mand still further so that world commu¬ 
nications traffic has grown at a pheno¬ 
menal rate. 

But over the past few years one ad¬ 


vance in particular—the communication 
satellite—has begun a revolution in 
communications that is pioducmg new 
applications, new markets, new possi¬ 
bilities almost eveiy week. 

New Internationalism 

Television coveiage of news events in 
tire United States, received live on the 
other side of the woild as they happen, 
is now a familiar experience of millions 
of viewers. 

Behind this wonder of science that 
is now taken f'or gianted lies a new 
internationalism—Not only in the actual 
process of communication but also in 
the planning and operation of tire com- 
pkcated systems involved and in the 
manufacture of spacecraft, ground sta¬ 
tions and associated equipment. 

No fewer than 61 countries are now 
members of the International Telecom¬ 
munications Satellite Corporation (IN¬ 
TELSAT), the world body which is 
planning and has begun to implement a 
truly global network of communica¬ 
tions by satellite. 

INTELSAT is concerned only with 
planning and acquiring the “space seg¬ 
ment"—that is, the satellites—leaving 
individual countries to plan and build, 
or buy, their own earth stations 

Britain’s experience in the design and 
construction of communication satel¬ 
lite earth stations stems from her pio¬ 
neer work on Manchester University’s 
250-ft diameter radio-telescope at Jod- 
rell Bank—which is still the largest 
fully steerable paraboloid aerial in the 
world—and on other smaller aerials at 
Jodrell Bank. 

Jodrell Bank know-how went into the 
Post Office earth station at Goonhilly , 


260 


SCHOOL science september/december 1968 


Downs in Cornwall, South-west Eng¬ 
land, which is now being expanded to 
include a 1 second big aciial. 

Satellites will certainly be used to al¬ 
low computer to speak with computer 
from one side of the world to the 
other, just as if they were next door to 
each other. 

Based on tests and calculations al¬ 
ready made, engineers have evolved 
schemes enabling aircraft to communi¬ 
cate with their base station via satel¬ 
lites. Many such developments can he 
solved technologically as soon as the 
commercial need is cleai. 

Other Projects 

Although the United States and tire 
Soviet Union have a clear lead in the 
design and construction of spacecraft, 
other countries are now becoming in¬ 
volved in this area of technology. 

France and Federal Geimany aie 
jointly developing a communication sa¬ 
tellite known as Symphonic; Euiope may 
develop another tailored to the needs 
of the Eurovision television network; 
and from now on any spacecraft order¬ 
ed foi INTELSAT will have to he in¬ 
ternational rather than puiely American. 

Only this week an ambitious new 
satellite, 22-ft. tall and able to handle 25 
times the communications capacity of 
the famous Eaily Bird, was proposed 
by the Hughes Airciaft Co. of Calif 01 - 
nia to meet the so-called INTELSAT-4 
lequirement for a new generation of 
satellites for the 1970s. 

This would be built by companies m 
II countries, Hughes would be prime 
contractor, with the British Aiicraft 
Corporation as the major sub-contrac¬ 
tor and other sub-contractois in France, 


Fedeial Geimany, Switzerland, Belgium, 
Italy, Sweden, Spain, Japan and Cana¬ 
da. 

Communications Explosion 

Satellites will not leplace cables but 
will complement them, adding flexibi¬ 
lity over laigei areas and opening up 
new maikets 

An idea of the tiaffic involved is giv¬ 
en by the capacity of the INTELSAT-4 
spaceciaft pioposed by the Hughes Air¬ 
ciaft Co Just one of these satellities 
will be able to carry 6,000 two-way tele¬ 
phone calls—oi 12 colour television pro¬ 
grammes. 

The expeits aie not exaggeiating 
when they talk about a global commu¬ 
nications explosions expected in the 
1970s. 

Kenneth Owen 

Courtesy Biitish Information Service 

Fruit Fly Controlled By Lures 

Both food and sex lures for the 
Queensland fmit fly, Dacus Tryoni, 
have been discoveied and used to con¬ 
trol the past in at least 30 inland Aus- 
tialian towns. The method should also 
assist suppression efforts along the 
eastern seaboard wheie the fly exists m 
a more oi less continuous population 
from north of Cairns to Victoiia. 

Several State Departments of Agricul¬ 
ture have accepted the method as a pie- 
ierable alternative to massive spraying 
campaigns using dangerous poison such 
as DDT. For almost a centiuy the fly 
has been regarded as Austialia’s worst 
pest of orchard crops, but a recent con¬ 
ference of Fedeial and State entomolo¬ 
gists declared that as a result of the im- 
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pi oved conti ol measures now available 
the fiuit fly problem could be viewed 
as one of minor importance. 

Mr. A Willis on, ail industrial chemist 
m Sydney, discoveied the male lure 
some years ago. The attractant synthe¬ 
sised by him is 4-(p-hydroxyphenyl) 
butan-2-one. Subsequently research by 
Di. Momo at the Waite Agricultural 
Research Institute, Adelaide, showed 
that the acetoxy derivative of this com¬ 
pound was even moie attractive to the 
Queensland fruit fly. This form of the 
compound also attracts the melon fly, 
Dacus cucuibitae, which is a pest in 
other paits of the woild. 

Meanwhile, American entomologists 
had found that ceitam protein hydioly- 
sates are stiongly attractive to the ori¬ 
ental flint fly, melon fly and Mediter- 
lanean i'nut fly Tests by the New South 
Wales Department of Agricultuie con¬ 
firmed that this material is also appre¬ 
ciated by the Queensland fruit fly. 
ICIANZ Ltd, m co-operation with the 
Depaitment has since formulated a 
number of piotein liydiolysates and se¬ 
lected the most effective foi commercial 
production. 

Though the sex lure has greater 
drawing power and is longer lasting it 
has not pi oved as effective as the food 
lure in field control experiments. How¬ 
ever, when both lures have been dis¬ 
tributed together suppiession has been 
gieatest. Thus, in an experiment cover¬ 
ing comparable areas where male lure 
and food luie were used separately fruit 
damage amounted to 20 per cent and 
7 pei cent respectively, but virtually no 
infested fruit was found in the areas in 
which the two lures were distributed. 
Malathion has been chosen as the in¬ 


secticide to mix with the lures because 
it presents less risk to other animals and 
humans. 

NEW SURGERY SUCCESSFUL 

A life has been saved at the Alfred 
Hospital, Melbourne, by means of a 
pig's liver. The operation in which a 
pig’s liver was used to take over tem¬ 
porarily from the patient’s own liver 
was conducted by the Department of 
Surgery, Monash University, Clayton, 
with assistance from the staff of the 
Alfred's dialysis unit and biochemistry 
section. This was the first successful 
peiformance of the operation in Austra¬ 
lia and one of the first to be conducted 
anywhere. The technique was explored 
initially in Britain only last year. 

In the case at the Alfred the patient 
was a young pregnant woman who had 
been admitted suffering from a severe 
liver failure. Her condition was further 
complicated by kidney failure and sep¬ 
ticaemia. After prolonged labour she 
was deliveied of a three-week prema- 
tiue, stillborn child The symptoms of 
livei failure progressed, however, and 
(wo days later she had lapsed into a 
deep coma. After 28 hours in this state, 
which normal medical procedures failed 
to alleviate, it was decided to connect 
her blood stream to a liver fleshly taken 
from a pig. 

Shunting of blood through the pig’s 
liver was maintained for nine hours 
during which the patient’s condition im¬ 
proved. Next day she began to relapse, 
howevei. The pig liver circuit was re¬ 
established and after a further eight 
hours of perfusion the patient began to 
lecover rapidly. Soon she could talk 
somewhat and control her limbs, al- 
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though full consciousness was legamed 
only over the course of a week, Fiona 
then on improvement was continuous 
until the woman was able to leave hos¬ 
pital six weeks later She has since re¬ 
sumed hei normal, energetic activities. 

The livei used was removed aseptical- 
ly fiom a 40-kg pig and flushed free of 
the pig’s blood. A tube mseited in a 
main artery m the woman’s arm was 
led into the vascular tiee of the pig’s 
liver. The exiting blood flowed into a 
teseivioi from which it was pumped 
back into a vein in the woman’s arm. 
The external liver adequately took over 
all important functions and lelieved the 
patient’s own liver of the need to ex¬ 
tinct toxic waste pioducts, such as am¬ 
monia and bile, from the blood Al¬ 
though the patient’s blood was passed 
through the pig’s liver for a total of 17 
horns no ill effects were detected and it 
would seem that the peiiod of lelief 
could be maintained for much longer if 
necessary. 

HOT BODIES 

The Australian National Health and 
Medical Reseaich Council has diawn 
attention to the serious hazard presented 
by corpses containing radioactive sub¬ 
stances. Mortuary and post-mortem 
loom attendants, hospital pathologists 
and embalmers are at risk when a patient 
who has recently been given a therapeu¬ 
tic dose of a radio active isotope dies 
unexpectedly. 

Because such deaths are relatively 
raie the risks of contamination by peo¬ 
ple handling the coipses are correspond¬ 
ingly high unless piecautionaiy proce¬ 
dures are established as a routine in hos¬ 
pitals. The report sets out a code of 


piactice for handling these coipses 
safely. Acceptable levels of radioacti¬ 
vity for each of the isotopes in common 
use aie stated. 

Hospital peisonnel are warned not to 
peiform necropsies or permit embalm¬ 
ing to be undei taken until tire radio¬ 
activity has decayed to these specified 
levels. Instances wheie the mam sources 
of radioactivity can be lemoved from 
the corpse to make it safe are outlined. 
For example, the coipse of a patient 
given gold-198 for metastalic tumour 
may be leheved of most of its radio¬ 
activity by withdi awing the ascetic fluid 
by means of a section pump. This mate¬ 
rial should then be kept under safe 
storage conditions foi the specified time 
until its radioactivity has declined suf¬ 
ficiently Meanwhile, the coipse can he 
investigated 01 embalmed without usk. 

Courtesy: Australian Information Service 

Scattering of Light By Sound 
Waves 

Density variations in liquid helium 
caused by the passage of sound waves 
have been detected by the way in 
which they scatter light The authors 
of the experiment, G. Jacucci and G 
Signoielh, working in Rome, say that 
this is first experimental evidence of 
this phenomenon. As such, it is a neat 
confirmation of some fascinating pre 
dictions about the properties of what 
remains the oddest of all liquids. 

Helium gas liquefies at 4.21° above 
the absolute zeio of temperature, itself 
some 273°C below the freezing point 
of water. The fact that liquid helium 
is conveited into a solid form only by 
comparatively high pressures explains 
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why it is so widely used as a cooling 
material at low temperatures 

At a tempeiature of 2.18° above 
absolute zero, oidinaiy liquid helium, 
however, is conveited into a second 
form, known as helium II, which is 
distinguished by machamcal properties 
which are almost bizaire. For one 
thing, helium II has the properties of 
what is called a super-fluid, which 
means that in some circumstances it 
can run up and over the walls of the 
vessles containing it. 

The same fluid can also conduct two 
quite different types of sound waves, 
one of which lesembles ordinal y 
sound m that it consists of pressure 
fluctuations. The other kind, known 
as “second sound”, is unique and con¬ 
sists not of a pressure fluctuation but 
of a tempeiature variation, The ex- 
penment that has now been completed 
is concerned with these two types of 
sound and the intei action between 
them. 

One way of geneiatmg second sound 
waves in helium II is to feed an alter¬ 
nating cunent through a coil of wnc 
immersed in the liquid. Even if the 
fiequency of the alternation is as great 
as 10,000 cycles a second correspond¬ 
ing to sound with a pitch too high to 
be audible — the corresponding alter¬ 
nations of llie temperature of the wne 
may be able to set off a temperature 
wave through the helium II. 

Second sound can be obtained also 
when ordinary sound impinges on a 
container filled with helium II One 
of the most elegant generatois of sec¬ 
ond sound is that developed at the 
Claiendon Laboratoiy, Oxford, in which 
second sound is generated by the 


ihythmic temperature fluctuations of a 
magnetically sensitive crystal exposed 
by fluctuating magnetic foices. 

The experiment earned out m Rome 
concerns the inter-actions between the 
two kinds of sound. Although the hall¬ 
mark of second sound is a tempeiature 
fluctuation, it was predicted some two 
years ago that in some circumstances 
there should also be associated tiains 
of density fluctuations in helium II, and 
that these should travel with the same 
speed as the second sound The new 
development consists of the observa¬ 
tion of these density fluctuations. 

In the experiment in Rome, a beam 
of light from an argon laser has been 
shone thiough a container of helium 
II m which waves of second sound 
have been generated at frequencies be¬ 
tween 20,000 and 320,000 cycles a 
second — well above the pitch of oi din- 
ary audible sounds. The fiist task is 
to measuie the fraction of the light 
transmitted through the helium II and 
the extent to which this may be scat¬ 
tered off the direction of the laser- 
beam. 

The author of the experiment say 
the properties of helium II differ above 
and below a temperature of 2.1° above 
absolute zero. Below this temperature 
the laser beam is absoibed to an ex¬ 
tent which is closely linked with the 
degree to which the second sound it¬ 
self is absorbed in liquid helium. This 
is the region in which the authois sug¬ 
gest that they have now demonstrated 
density fluctuations accompanying the 
piopagation of second sound 

Between the temperature of 21° 
above absolute zero and the point at 
which helium II is converted into or- 
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dinaiy liquid helium, there is a moie 
complicated interaction between the 
beam of laser light and the waves of 
second sound which may be the lesult 
which may be the lesults of the pro¬ 
duction of the oidinary sound waves 
of the production of ordimy sound, 
by the tiain of second sound. 

Experiments like these should help 
lo throw light on the complicated pio- 
cesses that determine mechanical pro¬ 
perties of liquid helium. This parti¬ 
cular experiment is an unusual demons¬ 
tration of an mtei action between a light 
wave and a sound wave. 

From' Physics letters, vol. 26A p. 5 

New Techniques for Protein 
Structure 

Valuable infonnation about the 
structuie of protein molecules is being 
obtained by a technique known as 
proton magnetic resonance (PMR). 
Although the technique had been used 
with some success as a means of un- 
l a veiling the structuie of comparatively 
simple molecules, only recently it has 
been applied to the analysis of the 
slructiue of the much moie complica¬ 
ted piotem molecules. Simplicity is 
one of the most obvious attractions 

So fai, one of the principal ways of 
telling how a long protein molecule is 
folded up upon itself has involved the 
scattering of X-rays from suitable cry¬ 
stals of a protein. In spite of the 
assistance afforded by computeis, how- 
evei, this is a labonous technique 
which, in any case, applied only to 
pioteins that form crystals. 

The basis of the technique is that the 
hydiogen atoms in a chemical structuie 
will oscillate at a characteristic frequ¬ 


ency m a suitable beam of ladio waves, 
because each of them functions as a 
imy magnet The technique consists 
of placing a sample in a strong mag¬ 
netic field and then observing the Iie- 
quencies at which oscillations take 
place. The characteristic frequency of 
each proton is determined by its chemi¬ 
cal environment These are easy to 
iecoid' the problem is to mteiprel 
them in a meaningful way. 

One of the most poweiful PMR 
machines in use is at the Cential Re- 
seaich Depaitment of the Du Pont 
Company in the United States. In the 
cmient issue of the Journal of the 
Amei ican Chemical Society, Dis. C. C. 
MacDonald and W D. Phillips des¬ 
cribe an investigation in which they 
have examined ilnec pioteins nbonuc- 
lease, lysozyme and cytoelnome C. 
The stiuctuies of these have already 
been determined by X-iay methods. 

By varying the temperature of a 
solution containing these molecules 
they have been able to iecoid an ac¬ 
companying change in the chemical 
environment of various protons in the 
piotein molecule, and hence in the con- 
foimation of the molecule as a whole. 

In othei woids, it has been possible 
to obtain a dynamic picture of the con¬ 
formation of the molecule, as distinct 
fiom the essentially static one given by 
X-iay methods. The deductions made 
accoid with the evidence gained by 
other means, Drs. MacDonald and 
Phillips have for example been able to 
pick out certain pioton oscillations 
which appeal in the natural protein 
conformation but not in that of the 
denatured protein. 

The same measurements have also 
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reflected the interaction between the 
en zyme lysozme and the molecule 
that it transforms. The importance oi 
this appioach is that it opens up the 
possibility of examining the ways in 
which protein molecules in solution 
interact with other essential compo¬ 
nents of biochemical machinery. 

This preliminary report is a staking 
example of the power of the big ma¬ 
chine m biology. 

How Ostriches Survive Without 
Water 

Field studies of ostiicbes caiiied out 
in the Sudan have thrown up the 
somewhat unexpected result that these 
creatuies rival camels in their capacity 
to survive without water. According 
to Professoi J. L. Cloudsley-Thomson 
and El Basicl Musa Mohamed, writing 
from Kliaitum Univeisity in the cur- 
lcnt issue of nature, ostnehes “can 
survive dehydration to a greater extent 
than gazelles and moie closely lesem- 
ble the camel m this lespect” 

The authois point out that because 
the ostucli is a large animal it can not 
easily obtain shelter in the desert as 
smaller birds do. The observations so 
tai carried out on tlie ostrich struthio 
camelus have shown that it must have 
access to drinking water. 

Suivival is, liowevei, made easier by 
the glands which it possess in the nose 
and which function as a means of ex- 
cieting salt. These make it possible 
for osti iclies to live off brackish or even 
salty water, and this is no doubt a part 
of the explanation of why m the Sudan, 
they are often found congregated 
aiound salt and soda lakes. 

The experiments carried out at 


Kbaitum have been designed to see 
what happens when ostriches are de¬ 
prived of watei. Halfgiown birds weie 
found to lose weight steadily when so 
deprived After nine days they would 
have lost about a quaiter of their body- 
weiglii. By all accounts the loss of 
weight of about a thud represents the 
point at which they may die. 

Ostriches, like camels, aie able to 
make good the loss of weight which 
they suffer on dehydration m quite 
dramatic ways. Biids kept without 
water for nine clays were found to 
dunk m one session enough water to 
lestoie all but a small fiaction of their 
lost weight. They weie able to keep 
alive by di inking a mixture of one-fifth 
sea water and foui-fifths fresh watei, 
hut they seem to be unable to main¬ 
tain their weight when given water that 
is even moie salty. 

Nature-Times, News Service, 1967 

Blue Green Algae Help The Bice 
Crop 

The plants and bacteria which fix 
nitrogen, that is, absorb this valuable 
element from the air and make nitiogen- 
ous compounds from it, are vital to the 
whole life cycle on Earth. 

Nitiogenous compounds aie 'scarce, and 
industiy has had to supplement the 
effoits of the nitrogen-fixing organisms 
by artificial means, but the natural 
nitiogen fixers still remain the most 
important, The best known of them 
aie the bacteua, such as Azotobacter, 
which live in nodules on the loots of 
leguminous plants, a partnership from 
which both sides benefit. But tlieie is 
now a growing amount of evidence that 
a gioup of very tiny plants called the 
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blue-green algae also play an nnpoi- lakes 

tant pait m nitiogen fixing in natuie, Mr W.Stewart of Westfield College 
they even be as important as the has been investigating the possible 
bacteria. use of blucgieen algae in another agri- 


Blue-gieen algae aic common on 
sheets of fiesh water and are found 
forming dense masses along the mai- 
gins of the sea in some tempeiatc 
legions. They are also often found on 
the suiface of wet soil, but only on the 
surface, since like other plants they 
aie dependent on daylight for then 
growth. Their blue-green pigment 
tiaps light for energy as the cliloio- 
phyll does in gzeen plants. 

The algae aie particularly common 
in paddy fields, and within the last few 
years it has been realised that they are 
responsible for fixing and supplying 
much of the nitrogen needed by rice 
plants in the form of nitrates. In this 
way they are vital in pioviding food 
for more than half the world’s popula¬ 
tion. The next logical step is to tiy to 
improve ciop production, m particular 
nee by adding artificially giown cul¬ 
tures of blue-green algae to the fields 
Piofessor Watanabe, in Japan, has ear¬ 
ned out some pilot expenments in 
winch large cultuies of blue-gieen algae 
were added to rice crops, resulting in 
a definite improvement in the nitrogen 
content of the ciop and in its oveiall 
yield. At piesent this is not an eco¬ 
nomic process because of the high cost 
of culturing the algae. 

Researchers under Professor Tony 
Fogg of the Department of Botany at 
the Westfield College in North London 
are thinking of culturing algae on a 
much larger scale than has been at¬ 
tempted so far, One idea is to glow 
the algae in huge vats on laige open 


cultural lole and has had encouraging 
results His idea is that it may be possi¬ 
ble to use blue-gieen algae to colonise 
banen aiid soils, and so help to solve 
the woild shoitage of agricultural land. 
Blue-gieen algae are natural plant pio- 
neeis. They aie very often the first 
plants to appear on arid soils. They are 
able to foim a gelatinous mat, which 
helps to stabilise loose sand grains on 
the smface of the soil, by gluing them 
together, and they immediately start 
to impiove the nitiogen content of 
the soil and so make it possible for other 
plants to settle, with root systems which 
hold the sand together more effectively 
and prevent erosion. The prospects for 
using blue-gieen algae as soil coloniser 
in this way are good, pioviding the cul- 
tuie cost barrier can be bioken. 

There may be a third agricultural 
use for blue-green algae; that is as a 
souice of chemical extiacts to encour¬ 
age seed giowth. Experiments in India 
and at Westfield College have shown 
that algal extracts used to treat rice 
seeds make the rice grow faster and 
develop more. They increase the yield 
of the future rice plant and laise the 
protein content of the grain. No one 
is quite sure which element it is in the 
algal extract which is responsible. It 
may be nitiogenous compounds or plant 
hormones, or both. Other substances 
may be involved. But there is some 
natural biological relationship between 
algal compounds and rice growth, 
which, it has now been shown, can be 
duplicated and artifically enhanced to 



SCIENCE NOTES 


287 


impiove production of the world’s most 
important ciop. 

Blue-gieen algae are frequently the 
first plants to colonise arid soils. They 
stabilise loose sand and enrich the soil 
with nitrates, making it possible for 
other plants to get a foothold. The 
algae may have been one of the first 
oigamsms to colonise the land suiface 
oi the Eaith, millions of years ago. 

From SPECTRUM 40; Sept. 1967 

‘Basic Secret’ of Life Unlocked 

Scientists throughout the United 
States aie discussing the implications of 
what is being called the artificial crea¬ 
tion for tire first time of the basic mo¬ 
lecule of life. 

The mam credit for the feat goes to 
Dr Arthur Kornberg, aged 49, leader 
of the team of research workers at the 
Stanfoid medical centre, who shared a 
Nobel Prize for medicine with a New 
York scientist m 1959. He is described 
by his colleagues as having had "a 26 
year long love affair with enzymes”. 

It is said that one day a student did 
something which caused an experiment 
to fail When the student confessed to 
Professor Kornberg that he was afraid 
he had let the refrigerated enzyme 
solution with which he was woiking 
get too warm, the professor admonish¬ 
ed him with, “you’ve got to love your 
enzymes.” 

Dr. Kornberg was asked wheather 
he believed that he and his collegues 
had succeeded in creating life m the 
test tube. He replied: “I might 
be able to answer that better if you 
would Brest care to define life. Just 
wliat do you mean by word?’’ 

In any event, the achievement is be¬ 


ing hailed by experts and others 
President Johnson told a gathering at 
the Smithsonian institution in Washing¬ 
ton that it was; “An awesome accomp¬ 
lishment”, adding “These men have 
unlocked a fundamental secret of life.” 

However Dr. Mehran Goulian, a 
member of Di. Komberg’s team, said 
today it would be “many, many yeais” 
before any practical application would 
significantly help cuie certain types of 
cancer, although “it might have some 
bearing on cancer.” 

Dr. Kornbeig was bom in Brooklyn 
and he graduated fiom the Abiaham 
Lincoln High School soon after his six¬ 
teenth birthday. In those days he was 
known as "the smartest kid on the 
block.” 

Pie took his Bachelor of Science deg¬ 
ree at City College in New York, and 
won a scholarship at Rochester Univei- 
sity 

Piofessional advancement and acade¬ 
mic honouis soon came to him. The 
Nobel prize which he shared with Dr. 
Severo Ochoa, at New York University 
in 1959, was foi turning a mixture of 
ineit chemicals in a test tube into deo¬ 
xyribonucleic acid (DNA), but this, un¬ 
like the newly synthesized D.N.A., was 
biologically inactive 

His friends say that ‘Re knows what 
he is after, and can put things which 
are not of immediate importance to 
him. 

Effect of experiment on diseases 

The experiment announced by Di. 
Arthur Kornbeig, who with Dr. M 
Goulian, led die work at Standfoid Uni¬ 
versity, is unquestionably one of the 
great landmarks of biology 
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The two biochemistry fiist isolated 
the DN.A, molecules fiom virus parti¬ 
cles which infact bacteria Each D.N.A 
molecule contains m a chemical code 
all the information to specify the manu¬ 
facture of a complete vims paiticle. 
They then incubated these D.N.A mole¬ 
cules with an enzyme and the chemi¬ 
cal building blocks of D.N.A, 

The enzyme has a unique pioperty of 
attaching to the D.N.A, molecules, and 
of using them as templates foi the ma- 
nufactuic of new molecules which arc 
identical copies of the oiigmal one. Dr. 
Kornbeig and Dr. Goulian pioduced 
D N.A. molecules with this enzyme and 
sepai ated the newly made molecules 
from the anginal templates. 

They then sent these molecules to Di¬ 
ll. Smsheimer of the California Institute 
of Technology at Pasadena, who infect¬ 
ed bacteiia with the synthetic molecules 
and showed that they could cause the 
manufacture of complete vims paitic- 
Ics. 

A virtually identical experiment was 
earned out in 1965 by Dr Sol Spiege- 
hnan at the University of Illinois, but 
he used a virus which has R.N.A. as its 
genetic matenal, R N A. is the other 
type of nucleic acid, but it acts only as 
the genetic mateual for a few viruses, 
D N.A is the genetic material of all cel¬ 
lular oiganisms, which is why Dr, Korn¬ 
beig and Dr, Goulian’s experiment is 
moie hnpoitant, and has medical signi¬ 
ficance. 

How can this expeiiment be tianslat- 
ed into ways of combating diseases? 
Fust, as Di. Komberg cautioned, the 
use of artificial genes in medicine is 
still a long way off However, if the 
D.N.A, oi one viius can be leplicated 


in a test tube, theie is eveiy reason to 
think that similar experiments can be 
done with D.N.A. molecules fiom other 
vuuses 

If the D N A of cancer viiuses can he 
manufactuied in test tubes then it 
should be possible to discoper faiily 
quickly which genes of the virus are 
lesponsible for inducing the cancer les- 
ponsc in an infected cell. 

Natuie-Tmies, News Service, 1967 

First Signs of Life 

New methods for detecting the con¬ 
dition of the foetus m the uteius before 
childbirth aie being used m the Depart¬ 
ment ol Gynaeology and obstetrics at 
the ITadassah-ITebiew Umveisity Me¬ 
dical CenUc 

The death late of mothers in child- 
bnlh, once so high, has nowadays been 
1 educed vntually to nil But mortality 
of the foetus has not gone down to the 
same extent and the number of still- 
biiths has only been slightly reduced. 
So gynaecologists arc looking foi new 
ways of detecting the condition of the 
foetus, so as to take lemedial action if 
necessary. 

In some cases of Rh mcompatibility, 
where the mothei is Rh negative and 
the fathei Rh positive, tile gynaecolo¬ 
gists want to know whether the child 
in the womb is affected. In hadassah, 
Prof. W. Z. Polisliuk has introduced a 
new method known as amniocentesis, 
which involves the removal of a small 
quantity of amniotic fluid fiom the 
womb The doctois examine the fluid 
m a special speetiopliotometiic exami¬ 
nation This tells them to what extent 
the child is affected and whether they 
have to deliver it immediately by Cac- 



SCIENCE NOTES 


269 


saiian opeiation or whether they can 
wait foi a noimal delivery. 

Anothei method being used is placen¬ 
tography, whereby the doctors deter¬ 
mine whether the placent is function¬ 
ing normally or not In this method 
isotopes tuc used to locate and to de¬ 
tect any malfunction of the placenta. 
In this way, the gynaecologist can de¬ 
termine whether there is any danger to 
the child in the womb, as, for instance, 
in the third stage of pregnancy m cases 
of bleeding, or whether drugs should 
be administered to benefit the foetus 
Another technique being used at 
Hadassah to establish the condition of 
the foetus is the study of certain enzy¬ 
mes in the leucocytes or white blood 
cells It the enzymes change m quan¬ 
tity then the doctors know that the pa¬ 
tient must be treated or the prognosis 
should be evaluated. Or the cytology 
of the cells of the vaginal may be stu¬ 
died to evaluate placental function din¬ 
ing the last trimester of piegnancy. 

SAVING THE BABY 

The numbei of people whose led 
blood cells are Rh negative varies m 
different countries. In China and 
Japan, for instance, the percentage is 
as low as one per cent, among the Bas¬ 
ques, m Spain, it is as high as 35 Since 
Isiael is a land of immigiation, the per¬ 
centage vanes according to the countiy 
of origin of the vanous communities; 
Yementies, Persians and Kuids have a 
two per cent Rh negative frequency, 
while the peicentage among the com¬ 
munities of Eiuopean Origin leaches 
15. 

The Rh negative factor m a pei son's 
blood only becomes important when 


husband and wife show what is known 
as Rh incompatibility. In cases where 
the mother is Rh negative while the 
father is Rh positive, and, in addition, 
both his genes are Rh positive and the 
Rh positive factoi is passed on to his 
off-spiing in every case, a situation 
aiises m which the mothei is Rh nega¬ 
tive and the foetus m her womb is Rh 
positive. The mother then pioduces 
antibodies against the red blood cells 
of the foetus, and these cause it to 
suffer from haemolytic anasmia and 
Jaundice. This mvaiiably results in 
the death of the foetus if it is left in 
the uteius. In fact, the baby is doom¬ 
ed, unless it is lemoved fiom the womb 
and receives appropriate treatment by 
exchange transfusions. This is natural¬ 
ly not feasible m the fifth, sixth oi 
seventh month of pregnancy, when the 
child is not yet viable. 

Until four years ago, there was no 
solution to the problem, and all such 
babies weie born still-boin, Then a 
New Zealand doctor by the name of 
Lily perfouned the difficult task of 
giving blood transfusion of fresh Rh 
negative blood to the foetus while still 
m the mother’s womb, so that it could 
continue to grow there until viable. In 
this way, the lesults of the blood dis¬ 
ease were checked for a while and the 

Giving these intra-uteiine blood 
life of tlie foetus piolonged. 
clearly on the X-Ray television screen 
transfusions in an extiemely difficult 
technique, lequiring great skill, 

modern X-Ray television equipment 
and teams of well-trained doctors. 

The transfusion is given by means 
of a needle into the body cavity of 
the foetus and theie is great danger 
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that the needle may damage the foetus 
m some way In older to avoid this, 
a contrast medium injection is given 
into the mother’s womb before the 
tiansfusion is given to the foetus The 
foetus swallows the contrast medium 
and this causes its intestine to show up 
clearly on the X-Ray television scieen. 

To peiform the transfusion X-iay 
television is used. This has the advan¬ 
tage that radiation is reduced to a 
minimum and the image is thrown on 
to a scieen some distance from the 
opeialion, so that membeis of the team 
can all see the operation in process. 
The doctors watch the foetus on the 
X-ray television screen and because 
the foetal intestine shows up cleaily, 
the needle may be guided so that it 
does not damage any othei organs of 
the foetus. When the needle pene¬ 
trates the abdominal cavity of the 
foetus, a polyethylene tube is passed 
through it, and a blood transfusion of 
flesh Rh negative blood belonging to 
the 0 gioup is given slowly over 35 to 
40 minutes. The polyethylene tube 
and needle are then removed. 

Although there is danger to the foe¬ 
tus in the use of this technique, it must 
be remembeied that without it the 
baby is doomed to die. A decision as 
to just when to start giving the foetus 
these intiauterine transfusions is made 
by the doctor accoiding to a pigment 
test of the fluid in the uterus which 
surrounds the foetus, known as amni- 
otic fluid. This fluid is colouied yel¬ 
low biown by the destruction of red 
cells in the foetus. Accoiding to the 
colour of the amniotic fluid the doctor 
knows the state of the haemolytic dis¬ 
ease in the foetus. If the foetus is six 


or seven months old when the decision 
is taken that it needs these intrauterine 
tiansfusions, then these will have to be 
given eveiy two weeks until the foetus 
is big enough to be dehveied either by 
Caesarean operation or by induced 
labour. 

A team of doctors in the Gynae¬ 
cology Department of the Jerusalem 
Hadassah-Hebiew University Medical 
Centie has recently peifoimed this 
difficult technique of giving blood 
transfusions to a foetus while still in 
the uterus, for the first time in Israel. 
The team consisted of Dr. H. Zuker- 
man, who gave the blood transfusion 
itself, helped by Gynaecology Depart¬ 
ment doctois, Di. A Adorn and Dr. Y. 
Antebi, by Hadassah’s X-Ray Depait- 
menl’s Prof. A. Sohwartz and by Pedi¬ 
atrics Department doctors Dr. A. 
Simclia and Dr. Y. Schwil. 

Dr Zukeiman repoits that the 
mothci, who is of Iiaqui origin, has 
been in Israel foi 17 yeais. Her 
husband is also from Iiaq. The 
mother has had thiee previous still¬ 
births in Israel. 

She came to Hadassah Hospital when 
the foetus m her fourth pregnancy was 
six months old. Accoiding to the pig¬ 
ment Lest of the amniotic fluid, the 
foetus would die if a blood transfusion 
were not given to it within six or seven 
days. 

The baby at that age is too small to 
survive a Caesarean operation. The 
baby girl was bom last week, after 
having thiee blood transfusions while 
it was still m the womb, it was given 
three complete blood exchange trans¬ 
fusions within the 36 horns after birth. 
The baby is ten days old and is taking 
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its milk from a bottle already. The 
mother is extremely happy for she 
knows that but for this new technique 
she was doomed to be childless. 

The intrauterine blood transfusion 
technique is being used today in 
America and England. However, it is 
regarded still as extremely difficult. 
Every case in the world is reported 
and published in literature and in only 
50 per cent of cases does foetus survive. 

In the last few weeks, five pregnant 
women with the Rh incompatibility 
factor have come to Hadassah for 
tieatment by means of die new tech¬ 
nique They know that they have now 
hope of delivering babies who are alive 
and well without the intrauterine blood 
tiansfusion technique. 

Coirtesy, Consulate of Israel, Bombay. 

A. World Oceanographic Service 
in the Offing 

* 

The master of a 100,000-ton tanker '• 
bound foi the Peisian Gulf, the skippei 
of a trawler on the Grand Banks, the 
family looking foiward to a holiday on 
(he North sea coast share a common 
concern: they would dearly like to 
know what the water will be like, 

Until veiy recently, no one could 
hope to tell them. Meteorologists have 
been issuing daily weather forecasts 
for over a century, but oceanographers 
have had their hands full just trying 
to understand the sea without ventur¬ 
ing to predict its changes. 

In the past, their observations in the 
world’s oceans were scattered and in¬ 
frequent; it took months and years to 
work up data. Forecasting was out of 
the question: by the time the scientists 


thought he could state what would 
happen, it had already happened, 

The bleakness has gone out of this 
picture over the past two decades as 
oceanography became a major power 
among the sciences. Annual world ex¬ 
penditures for marine research now 
amount to nearly $600 million with 
nineteen nations opeiating a fleet of 
some 500 scientific ships, 

The headlong rush of technology has 
spread its benefits over the sea. Com¬ 
puters cope with data in a fraction ol 
the time once required; unmanned 
buoys serve as automatic weather sta¬ 
tions recording changes in the sea’s 
properties; artificial satellites retrans¬ 
mit measurements made by buoys or 
make observations of their own, taking 
in vast areas at a single-sweep of their 
instruments. 

Oceanographic services have made 
their bow. A few examples: Dutch 
and German freighters crossing the 
North Atlantic use wave forecasts to 
save as much as half a day off their 
time in tiansit; the U.S. Navy makes 
ocean temperature data available to 
tune fishermen and forecast the where¬ 
abouts of the Gulf Stream; the U.S.S.R. 
offers a complete oceanographic ser¬ 
vice to ships running on the northern 
route in summer between Murmansk 
and Vladivostok. 

A further step has now been taken. 

A working committee of the Unesco- 
sponsored Intergovernmental Oceano¬ 
graphic Commission is planning a 
worldwide oceanic information and 
foiecastmg seivice, It already has a 
name and an acronym: IGOSS, the In¬ 
tegrated Global Ocean Station System. 

Members of the committee come 
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from Canada, the Federal Republic of 
Germany, France, Japan, the Nether¬ 
lands, Norway, the Ukrainian SSR, the 
USSR, the United Kindom and the Uni¬ 
ted States, Their chairman is Dr. John 
P. Tully, a leading Canadian oceano¬ 
grapher. Also interested in the work of 
the committe aie the United Nations 
Food and Agriculture Organisation, the 
World Meteorological Organisation and 
the International Telecommunication 
Union. 

As IGOSS is now envisaged, it should 
meet the demands, of half a dozen cate¬ 
gories of users. First comes shipping, 
directly interested in currents, waves, 
tides and ice conditions. Coastal warn¬ 
ing services particularly need forecasts 
of storm surges, surf and tsunamis, 
Fishermen require a broad spectrum 
of information on water density and 
tempeiature currents, movements of 
larger water masses, distribution of dis¬ 
solved oxygen, the plankton upon 
which fish graze, and water pollution. 
The presence of pollution is of even 
greater importance to health authorities 
and the millions who use the sea for 
recreation. The latter would also like 
to know what to expect in the way of 
water temperature and surf. 

Then there is science. All data from 
IGOSS will be available for lesearch 


purposes and IGOSS itself is expected 
to suppoit large research efforts. Ob¬ 
servations will be awaited most eager¬ 
ly, however, by meteorologists who 
need to learn the temperature of the 
upper layeis of the ocean where future 
weathei seems to be “stored”. 

To gather data, IGOSS will rely on a 
variety of sources: shore stations, light¬ 
ships, manned platforms m the sea, 
ocean weather ships, automatic buoys, 
drifting ice islands, satellites, research 
ships, cooperative merchant and naval 
vessels, and aircraft. 

A plan for the first phase of IGOSS, 
using these existing facilities, will be 
developed by the committee and pie- 
sented to the 60-nation Intel govern- 
mental-Oceanographic Commission for 
approval at its Pans session in October 
1969. Plans for a second and more 
advanced phase are to be considered 
by the Commission in 1971-72. 

The oceanographic service, IGOSS, 
will be developed jointly with the 
World Weather Watch now being 
planned by the World Meteoi ological 
Oigamsation. Oceanographeis and 
meteorologists are working closely to 
get the most efficient use out of the 
precious radio frequencies that have 
been allocated to them foi transmitting 
data, 
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A S published in an earlier issue of 
School Science some 56 Summer 
Institutes in Science for school teachers 
were held during 1968. The Dilectors 
of these Institutes had been requested 
to send biief reports about their activi¬ 
ties and representative participant ac¬ 
count from their institutes. We publish 
below summaries of some reports 
received by us. 

Mathematics 

Summer Institute at Jadavpur Uni¬ 
versity , Calcutta under the Directorship 
of Dr. D. K Sinha. 

Summer Institute for mathematics 
teachers was held at this university 
from 30th May to 22nd June, 1968. 
Along with the American consultants 


there were also some British consult¬ 
ants at this institute. The morning 
sessions were devoted to lectures by 
the members of the staff while the after¬ 
noon sessions were devoted to film 
shows and quiz, group-discussions and 
tutorials There were discussions on 
particular topics at present covered by 
the syllabus and also on the curriculum 
material produced by the Study Group 
in Mathematics at Jadavpur University. 
These discussions were very valuable. 
The main courses taught at the Insti¬ 
tute were algebra and geometry while 
the subsidiary courses were (i) linear 
programming (li) determinants and 
matrices (iu) set theory (iv) statistics. 

Some books of the S.M.P. groups 
were distributed to the participants 
and the Institute had a separate refer¬ 
ence library. Every Monday was set 
apart for an “evaluation test”. There 
were also some special lectures by ex¬ 
perts. 
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Dr. K. C. Newbond of North Carolina 
University gave a talk on “Rings” while 
Professor B. C. Chatterji of Calcutta 
University talked on “Foundations of 
Geometry”. A visit to the Computois 
Section to the University was organized. 

A special lectures on computers was 
given by Shri A. C. Bera of the Inter¬ 
national Computors & Tabulators Co. 
Ltd. The participants and the mem¬ 
bers of the staff of the Institute visited 
a local higher secondary school. During 
the period of the Institute 4 meetings 
of the Mathematical Association of 
Jadavpui were also held. The partici¬ 
pants attended these meetings also. A 
meeting of the Study Group in Mathe¬ 
matics was also held in which along 
with Heads of the schools of Calcutta 
the participants also attended. There 
was a book exhibition by different 
publishers. 

Chemistry 

Summer Institute in Chemistry at 
Regional College of Education, Mysore, 
was held from April 29, 1968 to June 8, 
1968 under the Directorship of Sii S. R. 
Rao. There were about 45 participants 
drawn fiom Training Colleges, High 
Schools and Higher Secondary Schools 
of the Southern region. The partici¬ 
pants lived a corporate life and there 
was a continuous evaluation and quiz 
programmes. Besides the lectures and 
laboratory work the activities included 
field trips and excursions. Some of the 
features of the programme were: 

1. Coverage of all Units and Ex¬ 
periments of the CHEM study. 

2. Discussion of Laboratory work, 

3. Film shows in-built with teach¬ 
ing. 


4. Continuous evaluation through 
quiz piogrammes. 


5. 

Seminars and 

group discus- 


sions 


6. 

Field trips to 

industrial cen- 


tres 



7. Post test to assess the impact 
of the Chemistry programme on 
the paiticipants. 

8. Special lectures on latest deve¬ 
lopments in Chemistry, and last¬ 
ly 

9. Study of the impact of the Chem 
Study piogramme on gifted 
children. 

Biology 

Summer Institute of Biology, Madras 
Christian College. Madras 
There were 36 participants at this 
Institute which was held for the first 
time in a College and not at a Uni- 
veisity centie. The participants were 
in groups of 4 on some research pro¬ 
jects with the guidance of the staff. 
These projects are veiy simple and 
used the least equipment. The parti¬ 
cipant felt that similar piojects could 
be worked out in school situation and 
perhaps with the collaboration of 
some talented students. There weie 
such 9 projects which were worked 
out and reports on these are being 
prepaied for publication, This insti¬ 
tute was directed by Dr. P. J. Sanjeeva 
Raj. 

PARTICIPANTS’ REACTIONS 

Mathematics Summer Institute at 
Jadavpw University 
This Institute provided me with an 
opportunity to be in the midst of a 
large number of mathematics teachers 
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from all over India and two learned 
consultants from U.K. All of us spent 
six weeks in Jadavpur University hos 
tel and exchanged our views about 
Modem Mathematics as well as some 
of our social experiments, Every class 
was full of life with good humoui from 
the participants as well as from the 
membeis of the teaching staff. The 
curriculum of Mathematics in Indian 
schools is entirely out of tune and is 
completely inconsistent with modern 
developments of mathematics in other 
countries. I have come to know that 
matrices, set theory, gioups etc, 
which are taught heie in B.Sc. classes 
are being taught in the high school 
classes in London. The necessity of 
changing the Mathematics syllabus at 
school level is being increasingly felt. 
We weie happy to learn that a Study 
Group m Mathematics has been fun¬ 
ctioning in Jadavpur University with 
Di. D, K Sinha as Director. The 
participants of the Summer Institutes 
fieely discussed the curriculum guide 
for Geometry prepared by the Study 
Gioup for Classes V to VII, We 
found the Teachers Guides a varitable 
mind of information to the teachers of 
Modern Mathematics. I had no idea of 
the “New Mathematics” before I came 


here. We have now learned after 
coming here facts about the “set theo¬ 
ry” “modeller Avithmatic” “probability 
“victor algebra” “matrics” “play and 
and statistics” “linear programming” 
space geometry” “Transformation Tran¬ 
slation and Reflection Geometry” etc, 
We were told how these could be in¬ 
troduced in our schools. 

Sukumar Dar 

Summer Institute in Chemistry 

(Mysore). 

The CHEM Study approach has le- 
ally been a challenging approach to 
many of us i.e. teachers. We have not 
merely fiesh knowledge of the con¬ 
tent but we have also been able to 
find out about natuie of scientific study 
of Chemistry. Our lectures were all 
very interesting very clear to us with 
the help of models, charts and experi¬ 
ments with humorous illustrations. Film 
shows of CHEM study series were 
very enlightened. Practical work in the 
laboiatory were very instructive. The 
pre-laboialory discussions as well as 
the post-laboratory discussions were 
very helpful to us. We were oriented 
in both contents and methods. 

Margaret Davies 




SS 46 A ciicle (say k 1 ) rolls, Without 
slipping along the inside of a 
fixed ciicle (say k). The ladius of 
k is twice the radius of k 1 . Des¬ 
cribe the path of a fixed point on 
k 1 . 

SS 47 Find tluee distinct natural num¬ 
bers such that the sum of then 
reciprocals is a natural number 
Find all possible sets of three 
distinct natural numbers which 
have this property and prove that 
those are the only possible sets. 

SS 48 Show that the radian measure of 
an acute angle is less than the 
arithmetic mean of its sine and 
its tangent. 


SS 49 The lengths of the sides of a 
right angled triangle aie x me- 
ties, y meties and z meties, 
where x, y, z are natural num- 
beis having no common factor, 
Show that x, y, z must be of the 
foim nr — n 2 , 2mn, m 2 -f n 3 
(m some order), m and n being 
suitable natuial numbeis 
SS 50 A net of loads is shown in the 
figme given below 2 100 people 
leave the point A. Half of them 
go in the diiection L and 



each group splits up, half going 
in the direction L and half in 
the direction R. The same thing 
happens at each subsequents in¬ 
tersection. How many people will 
reach each of the three leftmost 
inter sections of the thousandth 
row of intersections. (The dia- 
giam shows, Bi, B a , B 3 to he the 
three leftmost intersections of 
the sixth row of intersections.) 

SS 51 Prove that the integer next great¬ 
er than (3 + V 5 )" is divisible in 2", 
n being any natural number 
whatsoever. 
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SS 52 What is the greatest number of 
parts into which a plane can be 
divided, by 

(a) n stiaight lines; 

(b) n circles? 

SS 53 If the integers from 1 to 222, 222 
222 aie written down in succes¬ 
sion, how many 0’s are written? 
SS 54 Two brothers mlient a herd of 
cattle which they sell for as many 
lupees per head as there are 
heads of cattle. They spend all 
the pioceeds to buy sheep at 


Rs, 10/- each and one lamb for 
less than Rs 10/- They divide 
the floclc of sheep and one Iamb 
so that each brother has the same 
number of animals. How much 
did the lamb cost? 

SS 55 Find the smallest natural number 
which when divided by 21 leaves 
a lemainder 5, when divided by 
77 leaves a remaindei 26, when 
divided by 143 leaves a remaind¬ 
er 4 and when divided by 221 
leaves a remainder 147. 


SUPPLEMENTARY READERS IN SCIENCE SERIES 

The general aim of this series is to stimulate the interest of school children in the world 
of science and to keep them in touch with the more significant developments that are 
taking place in its various fields. 

WEAPONS : OLD AND NEW 


by 

Mir Najabat All 


Foolscap quarto, pp 76, 1967 


Rs. 2.25 


This fascinating little publication is a primer on weapons, both old and 
new. The book is attractively illustrated and describes interesting 
weapons such as the boomerang, the harpoon and even the South 
American bola. It talks of swords of many kinds, of guns and tanks 
and missiles, and takes the story right up to latest inventions of 
modern warfare. 

Enquiries: 

Business Manager 
Publication Unit 

National Council of Educational Research and Training 
71/1 Najafgarh Road 
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CASTAS1A 


TECHNOLOGY FOR 
DEVELOPING COUNTRIES 

At its dosing session, the Conference 
on the Application of Science and 
Technology to the Development of 
Asia, convened in New Delhi by 
Unesco in cooperation with the United 
Nations Economic Commission for Asia 
and the Far East, has adopted a series 
of recommendations addressed to 
Asian Member States of the UN and 
Unesco. 

The conference called on the parti¬ 
cipating governments of Asia to en¬ 
deavour to reach a minimum level of 
total national expenditures on research 
and development of 1 per cent of their 
gross national product as soon as possi- 

Extracts from Unesco Features and British Infor¬ 
mation Service. 


CASTASIA, which met in New Delhi , has focussed 
attention on the growing imponance of science anil 
technology m the development and pi asperity of 
Asian conntiies, 


ble, bul not later than 1980, this figure 
comprising current and capital expen¬ 
ditures financed by both governmental 
and private souices. 

The confeience furthei listed nine 
priority areas of action in Asia: 

1. Full use of modem communica¬ 
tion techniques, functional literacy 
progiammcs, science clubs and fans, 
and cooperation with appiopiiate orga¬ 
nizations, including women's oigamza- 
tions, to piomote the appieciation of 
science with special emphasis on rural 
populations, 

2. Improvement and expansion of 
science education at all levels by in¬ 
creasing the number and laising the 
qualifications of teachers with a paral¬ 
lel improvement of curricula, teaching 
materials and equipment; 

3 Improvement of career piospects 
and possibilities of upgrading middle- 
level technicians, including agricultural 
technicians and technical school tea- 
cheis; 

4 Expansion and improvement of 
agricultural education in connection 
with extension woik and application 
of multi-disciplinary agricultural re¬ 
search programmes, both basic and 
problem-oriented; 

5. Strengthening and linking of ex¬ 
isting information and documentation 
centres establishment of new centres 
and possibly regional information clear¬ 
ing houses, rationalization of existing 
systems through maximum use of 
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modem techniques of reproduction, 
abstracting and data processing; 

6. Development of human scientific 
and technological potential through 
impioved training, employment and 
working conditions and equal education¬ 
al opportunities foi all, 

7. Collaboration between universi¬ 
ties and laboratories and creation of 
institutes for advanced studies to fos¬ 
ter scientific research and technologi¬ 
cal development, 

S. Formulation and implementation 
of national policies integrating educa¬ 
tion, reseaich, technology and mdus- 
liy, based on the piinciple of endogen¬ 
ous development and integrated with 
development planning policies at the 
highest governmental level, 

9. Promotion of international and re¬ 
gional coopeiation through the ex¬ 
change of information and scientific 
personnel, the pooling of resources and 
the tiansfer of apiopiiate technology. 

On the subject of the transfer 
of technology, it was specifically re¬ 
commended that: 

1. Technology transfer and informa¬ 
tion centres be set up urgently with 
their functions proposed by the UN 
Economic and Social Council’s Advi- 
soiy Committee on the Application of 
Science and Technology to Develop¬ 
ment, and with branches wherever 
necessary, to provide assistance to en¬ 
terprises in identifying theii technolo¬ 
gical needs, the availability of external 
aid and in the negotiation of agree¬ 
ments; 

2. The UN Secietary-General be in¬ 
vited to review the overall position of 
the work done in the field of the trans¬ 
fer of technology by different UN bodies 


and to draw up a comprehensive plan 
and piogramme of action for operat¬ 
ing the transfei of technology. 

3. The Confeience also recommend¬ 
ed that the Unesco Director-General be 
invited by the Unesco General Con¬ 
ference to study ways and means of 
establishing in Asia—under Unesco’s 
auspices together with ECAFE and in 
collaboration with the appropriate in¬ 
ternational legional organization-pei ma- 
nent machinery to keep under regular 
review, stimulate and facilitate the co¬ 
operation of Member States represent¬ 
ed at the New Delhi conference so 
that its recommendations can be im¬ 
plemented. 

The scale and nature of economic 
development between developing coun¬ 
tries and between the different sectors 
of theii economies is determined by a 
wide range of local factors—for exam¬ 
ple, natural resources and technical 
skills, the relative availability and costs 
of capital and labour, and the size of 
existing or potential markets for pro¬ 
ducts The choice of the appropriate 
technology for development has now 
been lecogmsed as one of the major 
problems, and this is reflected in the 
shaping of donors’ aid programmes to 
provide the type of equipment and 
technical assistance most relevant to 
particular cases 

In some developing countries, advan¬ 
ced sophisticated technology is highly 
relevant both technically and economi¬ 
cally in certain sectors of the economy 
—for example, in establishing by cour¬ 
tesy British Information Service large- 
capacity steel plants, hydro-electric 
power stations, and mining enterprises, 
Advanced processes may frequently 
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need to bo modified to meet local con¬ 
ditions and limited maikets, for ex¬ 
ample, a low-cost steel plant with 
an output calculated in thousands 
rather than millions of tons a year, or 
cement, fertiliser and petrochemical 
plants similarly scaled down in. size, 

However, in many developing coun¬ 
tries small-scale industry is usual, 
particularly where agiiculture predo¬ 
minates, and heie even scaled-down 
versions of standaid industrialised pro¬ 
cesses may be as yet inappropriate to 
deal with the problems arising from 
pooi quality of output and the limita¬ 
tions nnposed by low standaids and 
under-employment. 

The term "intermediate technology” 
has been used to apply to the sort of 
low-cost, simple, labour-intensive tech¬ 


nology appropriate to this situation. It 
has been realised that, although theie 
is a giowing scope for highly sophisti¬ 
cated equipment in certain sectors of 
the economies of many developing 
couutnes, yet undue concentration 
upon capital-intensive industrialisation 
does not necessarily bring benefits to 
agriculture, and also provides little ad¬ 
ditional employment, while it is liable 
to place gieat strain upon the balance 
of payments. Moreover, it may give 
rise to increased migration to the 
Lovvns, accentuating problems of uiban 
unemployment, nutrition and housing. 
Intermediate technology is seen as a 
stage between sophisticated capital- 
intensive technology and the still pre¬ 
valent primitive and inefficient methods 
of pioduction, particularly in rural 
aieas. 





Science and Mathematics Teaching Pro¬ 
ject 

From the beginning of this academic 
year the teaching materials for Class VI 
prepared in physics, biology and 
mathematics are being used in the 
31 experimental schools of Delhi. These 
schools are also teaching materials pre¬ 
pared for this project in classes VII and 
VIII in all the subjects. From the 
beginning of this year the Directorate 
of Education, Delhi lias adopted the 
books prepared under this project for all 
its schools starting from class VI. The 
Directorate of Education, Delhi is 
organizing a series of short duration re¬ 
fresher courses for their teachers of 
science to familiarize them with the 


textbooks by the NCERT and the 
philosophy behind the teaching of sub- 
3 ects as separate disciplines. The sub¬ 
ject experts in the Department aie 
actively assisting in planning and initia¬ 
ting of these lefiesher couises. 

Three of the trial editions of the text 
materials for Class VIII in biology, 
chemistry, physics and mathematics 
have been completed and printed. The 
corresponding Teachers’ Guide are 
being finabzed for printing. 

The revised edition of the materials 
for Class VII have been finalized and 
printed both in Hindi as well as in 
English. The Teachers’ Guides for 
these respective texts aie in print. 

Additional equipment in physics for 
class VIII has been prepared and the 
equipment for class VIII is now in 
various stages of pioduction 

Now that all the materials for the en¬ 
tire middle stage in all subjects have 
been completed, they are being ex¬ 
amined afresh in the light of feedback 
received from the teacheis and others. 
It has been felt necessary that the syl¬ 
labi have to be revised and materials 
piepaied afresh on some of the chap¬ 
ters. This task lias also been under¬ 
taken, 

A summer course lasting for 18 days 
was held in the month of June and 
July foi the science teachers of the 31 
experimental schools. The participants 
were given lectures on the methods 
of teaching the new text material and 
they were given plenty of scope to 
undertake laboratory work and perform 
demonstration experiments for the 
topics they have to teach in Class VIII. 

With the completion of both the pre¬ 
paration of curriculum materials and 



282 


■SCHOOL SCIENCE SEPTEMBER/DECEMBER 1968 


the training of the teacheis the De¬ 
partment has now begun woik on the 
preparation of syllabus and cuiiiculum 
for the next stage of the school educa¬ 
tion namely Classes IX, X and XI, As 
reported earliei a number of States 
have begun to show inteiest in extend¬ 
ing this project m theii States. The 
Education Department of Andhia Pra¬ 
desh has adapted the NCERT books 
for then* middle school Classes VI and 
VII They have placed some 20 
schools on an experimental basis under 
this scheme. Other States which aic 
showing interest are Gujarat, Keiala, and 
Madhya Piadesli. The schools under 
the Cential Schools Oiganization are 
continuing to use the textbooks and 
matciials piepared undei this pioject. 

Curriculum Project—Study Groups 

The Cooichnating Committee foi the 
Study Gioups met on Septemboi 9, 
1968, to leview the pi ogress of the 
various gioups. At this meeting it was 
decided that the convenors of the 
Biology and Physics gioups should 
undertake the pieparation of proto¬ 
types of kits according to the syllabus 
developed by them. 

Flujsics Study Groups 

The Dnectois of the Physics Study 
Gioups met in Delhi and Dehra Dun 
to discuss the programmes for Class 
VIII. These gioups have brought out 
Book I for Class V and it is now in 
the press. It was decided that fiom 
the different variants prepaied by the 
Physics Study Groups the materials of 
Delhi and Calcutta groups should con¬ 
stitute the first set of leading materials 


for the national programme and the 
matenals prepared by the Jaipur group 
should constitute the Supplementary 
Reading Materials. 

Chemistry Study Groups 

The Study Group Diiectors met at 
Vallabh Vidyanagar from 15th to 20th 
Septembei, 1968. Materials prepared 
for the second stage of secondary 
schools were discussed. Four titles of 
books have been published during this 
penod on the materials already prepai¬ 
ed. These consist of one textbook foi 
Classes VI and VII, one Teachers’ 
Guide and two manuals one for each 
class. 

Biology Study Groups 
Daily in July the Biology Study 
Groups had finalized materials for the 
middle school stage. These weie punt¬ 
ed as tlnee textbooks and three tea¬ 
cheis’ guides. Several sets of these 
books have been sent to different pei- 
sons to elicit them opinion and get a 
feedback Two titles of Supplemen¬ 
tary Readers have been processed for 
punting and four more which have 
been leceived are being technically 
edited. 

Mathematics Study Groups 
Thcie weie three meetings of these 
gioups. At these meetings Geometry 
syllabus for the first stage and the 
Arithmetic, Algebra materials also for 
the first stage were discussed. As a 
matter of strategy the study groups 
have decided to give first priority to 
the adoption of alieady existing mate¬ 
rials developed by the Department of 
Science Education and then develop 
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their own materials. 

National Science Talent Search Scheme 

For the next aptitude test to be con¬ 
ducted in Januaiy 1969 it has been de¬ 
cided to print the question papers both 
in English and the regional languages. 
Steps have already been taken to get 
these translations ready and print the 
same. 

A team of talented student fiom the 
U.S.A and the U.K. visited India and 
met the awardees of NSTS Scholars of 


Delhi at a cultural meeting. The visi¬ 
tors also had an opportunity of meet¬ 
ing Dr. D. S. Kothaii. 

A statistical lcpoit of NSTS Exami¬ 
nation 1966 is under print and the Re- 
poit for 1967 has been completed. 

Supplementary Readers 

The manuscript on “Discovery of 
Ocean” has been sent to the Publica¬ 
tion Unit for printing. Another manus¬ 
cript with the title “Rocks unfold the 
Past” is now ready for the press. 
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Introductory book for students of secondary schools, specialized technical 
schools and those at the earlier stages of the polytechnic course. 
Designed to develop in the young reader an understanding of the basic 
principles of mechanical engineering the book discusses the application 
of these principles in relation to actual human needs. 
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Problem Solving in Science 

N. Vaidya S Chand & Co , 

Ram Nagar, New Delhi, 1968 Rs, 12 50 


Revolution in Science Teaching, 
about twelve years old, has necessitat¬ 
ed thinking and action in science tea¬ 
ching and education at all levels in 
the developed as well as in the develop¬ 
ing countries. Crash programmes for 
the improvement of science teaching 
and education aie now m vogue in al¬ 
most all the countries all the world 
ovei. P S.S.C , B.S C.S., Chem Study, 
Chemical Bond Project and Nuffield 
Pioject have become household words 
m the entire English speaking world 
both among science teachers and the 
research scientists All these revolution¬ 
ary programmes have suffered from 
one chief defect, that is, the fiamers 
of these piogiammes have neglected 


the psychological structures (basis oi 
dimension) underlying theii efforts It 
is this neglected dimension (assump¬ 
tions underlaying human thought pro¬ 
cesses with special reference to science 
teaching) which Slui N. Vaidya has 
tried to illuminate theoretically as well 
as experimentally in his book. In this 
context, this is the fiist book on science 
education to appear as there appears 
to be no other competing title with m 
my knowledge which deals specifically 
both in breadth and depth with scien¬ 
ce teaching from the psychological 
angle (See author’s refeiences as well), 
The hook contains seven Chapters. 
In the fiist cbaptei, the author descri¬ 
bes the chief distinguishing features of 
the British Educational System as he 
saw them rn operation in four diffeient 
types of English Schools. Secondary 
Modem, Technical, Grammer and 
Compichensive, in England. In his ac¬ 
count of the Idistory of Science Tea¬ 
ching in England, he refers how the 
English science teachers, through tiial 
and enor and over a period of 150 
yeais, have built the English Tradition 
of Science Teaching whose main in¬ 
gredients aie reluctance to change em¬ 
phasis on empircism m contrast to too 
much theorizing, learning science by 
personal expeiience, development of 
mteiest and cmiosity through imagina¬ 
tive approaches and empiiical study of 
facts, etc like the Tale of Two Cities 
(and here countries), a detailed ac¬ 
count of the position of science tea¬ 
ching m India follows in a lucid and 
enthusiastic style. The author in tins 
account mentions the main inadequa¬ 
cies of school science teaching and the 
efforts made to improve it since inde- 







BOOKS FOR YOUR SCIENCE LIBRARY 


285 


pendence. This account concludes 
with the need for developing an Indian 
Tiadition of Science Teaching, a job 
solely to be done by the workeis m 
the field. 

In the second chapter, the auothor 
discusses the impact of science and 
technology on society, nature of science 
and the outcomes of science education. 
Outcomes of Science Education have 
been discussed m terms of functional 
understanding (Vocabulary, facts, con¬ 
cepts), scientific skills (propeily cate¬ 
gorized), interests, attitudes and ap¬ 
preciations. Tins chapter is of impor¬ 
tance in developing the unit as well as 
lesson plan objectives in the teaching 
learning process. Teaching is then like¬ 
ly to be much more broad based than 
is usually the case at present. At the 
same time, the treatment is in conson¬ 
ance with modern thinking m science 
teaching, that is ‘science is an unfinish¬ 
ed business’, 01 to put it in the author’s 
words, ‘science defies its own defini¬ 
tion’ In the third chapter, the author 
discusses theoretically the nature of 
thinking and problem solving as view¬ 
ed by philosophers and psychologists. 
He also mentions the logical steps in 
problem solving as given by Dewey in 
1905 and others like Burt (1928), 
Gray (1935), Johnson (1944), Vinacke 
(1952) and Mills and Dean in 1960. 
On reading this chapter, it becomes 
apparent that the whole field of pio- 
blem solving is full of problems. Inter¬ 
estingly enough, it applies both to the 
definition of problem solving and the 
vaiious steps in it. 

The fourth chapter is of unique im¬ 
portance in the book because it speci¬ 
fically deals with the Survey of Hu¬ 


man Problem Solving with special re¬ 
ference to the Teaching of Science in 
the light of Some Theoretical Consi¬ 
derations. In my opinion, this chap¬ 
ter is a must to read, nay to study and 
to reflecL over for the science teacheis, 
college lecturers in science, practising 
scientists engaged in school science de¬ 
velopment programmes and researchers 
on thinking. On a continum, the author 
discusses the educational implications 
from various stand points: behaviouns- 
tic (Maltzman, and Skinner’s pro- 
giammed learning), Geslalt psychology 
(in sight and productive thought), 
Geneva School (Jean Piaget, Barbel 
Inhelder), acceleration of mental deve¬ 
lopment (Vygotsky & Z.P. Dienes), 
factor analytic and information proces¬ 
sing. He then discusses relevant re¬ 
searches on concept fonnation and pro¬ 
blem solving conducted both in U S.A 
and U.K In the remaining tlnee chap¬ 
ters is described an experimental study 
earned on English Childien m Central 
London, Implications for science teach¬ 
ing based on this study, and our pio- 
blems further ahead which await invas¬ 
ion by science teachers and the psy¬ 
chologists. 

The author tries hard to develop a 
point of view in legard to problem 
solving which on examination is also 
applicable to learning science as well. 
Teachers should help their students to 
invent and discover new knowledge. 
“Teaching means ci eating situations 
where structures can be discovered, it 
does not mean transmitting structures 
which may be assimilated at nothing 
other than verbal level.” ‘Children as¬ 
similate knowledge only through their 
thinking and action on things objects 
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and ideas’. They themselves have to 
he quite active in their learning; or to 
put m other woids a teacher cannot 
give a concept (Jean Piaget). 

There arc howevei some limitations 
of this booh For example, philosophy 
of science and scientific method, ics- 
earchcs on problem solving in India (if 
any) and actual experimental woilc do 
not find mention in this book. Even 
the levolution in science teaching ie- 
ceives scantly treatment. These limi¬ 
tations, of comse, do not slight the im- 
pm tance of this book, for the author 
has tacked a difficult pioblem. The 
leviewer fully agrees with the state¬ 


ment of Piof. Iiwin Slesnick given ii 
the foiewoid- 

Problem Solving in Science provides 
the Indian Science Teacher with a 
new rationale, for realizing process 
objectives in science teaching The 
leader is confianted with a plethora 
ct' definition and is dragged through 
the diffuse labyrinth of the theoreti¬ 
cal foundations of science teaching i 
But a comprehensive review of the* - 
lcsearch literature of educational 
psychology generates hope that a 
f 1 ame work in problem solving theory ’ 
is emerging. , The day when 
school science is taught and learned 
in the manner in which science is ' 
cieated by man has been brought 
never by pioblem solving in science 
by Narender Vaidya 

Ved Ratna 


Rs 1 35 
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ELEMENTS OF PROBABILITY 

A Textbook for Secondary Schools 

by 

S. K Gupta 

Crown quarto, pp yim +88, 1968 

Following the more modem approach based on the concept of a ‘Sample 
Space’, this hook is almost the fust attempt to piesent elements of the 
theory of piobability foi secondary school students in India — the 
theoiy that finds an important place in all new piogiammes of school 
mathematics. 
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